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ABSTRACT

Thirty-seven species of parasites from lake whitefish (Coregonus
- -
clupeaformis), cisco (Coregonus artedii), lake trout (Salvelinus
g N , .
namaueush), coho (Oncorhynchus kisutch), northern pike. (Esoxr lucius),

white sucker (Catostomus commersoni), longnose sucker (Catostomus

catostomus), burbot (Lota lota), ninespine stickleback (Pungitius

a .
n vitreum) were recovered from Cold

pungr.tius), and waileye (Stizostedio
Lake, Albgrta.. Thirty-two épecies pf parasites matured in one or mor%)pf
these 8peciésléf fishes.

Metechinorhync%us saZmonis was the most dominant parasite,
infecting all ten species of fishes. The superabundance'of this acantho-
cephalan affected the whqle parasite community, resulting in high
similarity between communities of parasites.in whitefish, tro;t, coho,
and burbot; The majority of.the other fish hosts were characterized by
parasites speéific to them. The.cqmmunities of-parasités in thtefish 7
and cisco appear to Be relatively diverse,vbﬁt the communities of
parasites in the othetr fishes appear to be of low diversity wheni
compared with the parasites of the same species of hbst‘studiég elsewhere.

In whitefish agd cisco, the number of species of parasites’and the
number of individual-parasites per fish increasediwith aée (except in the.

3 A
oldest age class), but the divergity»of the parasité community decreased.
Indi§idua1'species of parasites in whitefish or cisco showed definite
seasonal patterns of abundance and/or reprodictive activity. Most
species repfodgced during the’late spring or summe!"butfmost species
reached maximum abundances in early winter. Thé paraS{te fauna of the

fishes were not obvionly correlated with their food habits, due at leasth

iv



~acanthocephalans in whitefish, this appeared to control the acantho-

in part to differential importamce of various food items for the

b
transmission of parasites. - . ' ‘ }

“4

The dominance of M., salmonis within the entire community of

t

parasites was due to.its wide host range, it™" being priwgfily a parasite

‘of the dominant éalmpnid fishes, its use of transport hosts as an

.\

‘alternate route in its life cycle (allowing it to reach its. piscivorous

/ hosts), and its method of population control. There appeared to be a

2N .
: -

feed-back mechanism in whitefish which controlled tfie number of gravid

females, thus the egg production. Combined with the high proportion of

cephalan population within the entire ecosystem.

2

Thé'éarasite.éommunity acquired by the introduced coho was similar

’

to that wf the native salmonid fishes, and was dominated by M. salmonis

L.

krgasilus aurifus and E. nerkae. Philonema agubernaculum and Cystidicola

A
‘stigmatura were found only in overwintered ¢oho.

There was considerable exchqﬁ@e of parasites among ‘the salmonid

fish species in Cold Lake. The species of parasites exchanged can be

K3

considered to be typical ofﬁzglmonids, particularly of whitefish and

R
Eﬁsgo. ~The exchange of parasites ampng the non-salmonid fishes was more

restricted, and appeared to involve primarily immature and larval- stages

for which the hoste acted as transport or intermediate hosts.

»

or
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I. INTRODUCTION

There are numerous lakes in Alberta, varying from shallow, very

..

:eutrophlc prairie lakes with warm sunmer temperatures and® no thermal
stratification, to 'deep, cold, oi/gﬂf%ophic, high/altitude lakes. y
Included are several large, deep, oligotrophic 1akes containing
populations of relict invettebrates such ?s Mysis relicta and
Pontoporetia affinis. Although the number of species of fisneswin
elberta is relativelyylow (Paetz ‘and Nelson, '1970), this last group of
.lakes'contains the largest number of species (Appendix I1 in Raetz and
Nelson). Cold Lake, in northeastern ;lberta, As one of these iakes;
and contains’25.5pecies of fishes (Roberto, 1975). Included are three
species of native salmonids,"lake whitefish (Coregonus e lupeaformis),
cisco‘(Coregonus artedii)fand lake‘trout‘(SaZve}inus namaycush) .

In the spring of 1970, the Alberta Eish and Wildlife'Division
‘began a three-<year experimental program of stocking Cold Lake with coho
_-salmon (Oncorhynchus klsutch) to provide increased sport fishing. As\a
part of this program, the Fish and Wildlife Division set gill nets at

S

various parts of the lake to study the distribution of the coho Coho
taken during this sﬁhdy of distribution we;e heavily infected with
parasitic copepods (Ergastlus spp.) and acanthocephalans (Metechtno-
rhynchus salmonis). Mrs M. R. Robertson’of the Fish and&Wildlife
Division, at St..Paul, Aiberta, requested the University to undertake a
“study of the importance of t;esé parasites. ’ | . !

Relattvely little is known about the parasites‘of,tne fishe; af
Alberta. No comprehensive sur\_reﬁs have been \(a%e of the pataeites of the

L

Lo d

~



fished of any lake in the province. Miller studied the taxonomy, lifo

history ¥and control ogATriqenopkczms spp. (summarized in M%ller,L952).

Price and Arai (1967) and Arai and Chien (1§Z}) have/)surveyed the
Ty < R U :

monogeneans of fishes from southern Alberta, Arai and Kussat (}967) \

L4

investigated the effect of domestic and industrial effluents an the
‘ ' - 2

. ‘ . .
~ parasites of catostomid fishe4 in the Bow River near Calgary, and Mudry
. \ . > :

and -Arai (1973a, b) have investigated the life history and population
dynamics of Junterellz nedulosa in catostomid fishes. The only other

published information on the parasites of fishes of AlbeAta are

miscellanedus observations summarized in Paetz and Nelsom (1970).

’, -

Previous studies in parasitology at this University,fpartICUlarly

that of Neraasen (1970), have Lllustfated the value of measures used in
- }

general ecology,ifuch 4s indices of diversity and;simiiarity; for'the'
study of the circulation of parasites ;nnng‘Yalatéd hosts. Wisniewski
(1958), Chubb (1963a, 1970), Bsch (1971) and.Esch et ail (1975) have all  .
iﬁdicatgd that the circula;ion of pafasi;es is dependent upon intef—

actions within the entire eéosystem,'and should be studied using an
A}

ecosystem (or at least a community) approach. To do so requires

information on the relative abundances'of the hosts and.of the parasites;‘.

i

for the latter, data are required on intensity of infection, as well as
érevalence. Most of the large-scale surveys that have been done have

not provided suthfﬁformétion, Cold Lake, with'its variety of fishes,

-

and especially its abundant populations of salmonids, made an ideal site

for:such a study. *

&f The coﬁmunity of ,parasites in any ecosystem is affected not only ~

by the cbmplex of hostlspecies available, but'aisd by variaus modifydng

factors such as the age of the hosts, seasonal pattsrns, and dietary
W~ ».,)::\1\ . :\:{i) )

3
N
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habits of the osts. Most species of parasites that have been studied
have shown: an increase in abundance with age of host (Thomas, 1964;

Chappell, 1969b; Pennycuick, i971b; Anderson, 1974; Hine and Xennedy,

[N

1974b), probably due to the consumption of greater amounts or kinds of

food. Seasonal changes in thé abundance or maturation of parasites have

been attributed, at least in part, to temperature (Chubb, 1963b; Awachie,
3

1965; Kennedy, 1968, 1969; Kennedy and Hine,¥41969; Pennycuick, 1971a;.

{

Bibby, 1972; Lien and Borgstrom, 1973{)Anderson, 1974). There have been

B »
very few studies on the seasonal distribution of parasites in lakes

which fre%?e over iﬁ wingpr (Tedla and Fernmando, }969;;Cannon, l9f3),, .
and nene of these deal éith communities of parasites. PR

. N

Although coho salmon have befen stocked in many fre%hwaggr lakes _ -~
in Nofth America in recent years (Tody and Tanner, 1966; Becker and
Brunson; 1968; Kleiﬁ and Fennell, 1969; Avery, 1973; McKnight and Serns,/ 
1974), there Nive been‘ng adequate i;vestigations of the parasites of
those coho, and only two feports‘bf incidental observations on their
pafasites (Becker and Brunson, 1968, repoxfed sporadic infections with
plerocercoids of the bass.tapeﬁorms, Proteécephalus &mblqplitis, and
" '4

Klein and Fennell, 1969,‘rébdrted two species of endgparasites). The

) . ’ ) - S . 3 .
request by Mr. Robertson provided an opportunity to sggdy thé: acquisition

of parasites by coho in a lake with a community‘of fishég>including

A
L~

substantial popﬁlations of native salmonids.
Preliminary invegtigation showea that the acanthocephalan,

Me techinorhynchus salmonts, was found in large number; nbt only in the

introduced cohp, but also 'in a wide variety of native fiéhes. This

acanthocephalan has beenvfound iﬁ other surveys of fishes, but never in

"

such high numbers (Dogiei, 1961; Tedla aﬁd'Fernan?o, 1969, 1970;

!



Fv

Decht;ar, 1972; Collins and Dechtiar,'197h).

ihe aims of my study, therecfore, were:

1. To determine the Céﬁmunity of parésites in a community of
fishes and the patterns of their circulation.

20 To determine the effects on the community of parasites of

>

;.modifying factors: a) age, b) season, <c) diet.

( 3. To determine the parasites acquired by the introduced coho
salmon and the role coho played in the circulation of parasites.
4. To investigdte aspects of the biology of the dominant
<
parasite, Metechinorhynchus salmonis, to determine the reasons for its
dominance, its pattern of circ%yation within the fishes in Cold Lake,
andy if possible, its bastf\s?bulation dynamics.

. -
° e



[T. STUDY AREA

N )', ’
A

Cold Lake is a large (surface area, 373 kmy), deep (mean depth,

’

60 %Zjhaximum depth, 100 m), oligotrophic lake located about 290 km

IS N T

(11 milesY northeast of Edmonton, on the Alberta-Saskatchewan borQer.
It drdfps eastward into Hudson Bay via the Cold River and the Churchill
River system. It is-fed by two rivers, the Martineau ,River from the
north and the Medley River from the northwest. A map of Cold Lake,
giving depth contours, is shown id Figure 1. Paetz and Zelt (1974) gave
additional details of the morphometry, physical, chemical and some
biological charactefistics‘of Cold Lake.

The annual éycle of Qater temperature (exempiifiedvby my records
of temperatures in North Bay) consists of a four-month warming period
(May through Augus;), a four-month cooling period (September through‘
December), and a periodjﬁi low, stable temperaturé (January to Aﬁril)
(Figure 2). During the summer, surface water temperafures rise r%pidly'
to a maximum of about 18 C in August. Paetz and Zelt (i974) reported
”that ther#al stratification was pronounced‘during the summer, with the
thermocline 9-15 m deep in'July énd 15~21.m deep in August, with
hypolimnetic temperatures of 4.5—8,5 C. Most of my suﬁmer.recbrdings
from North Bay appear to be epilimnetic. |

The lake;usuaily froze over by the third week of December and
broke up ab?ut the last week of May. Paetz and‘Zelt (1974) éointed out
that the annual period of ice cover .(mean, 147 days) was gubstantially

shorter than that of other lakes in Alberta, and resulted from a delayed



Figure 1. Bathymetric map of Cold Lake (Department of Agriculture,
Government of Alberta) showing sampl_ing locations.
(Depth contours are in feet.)
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Figure 2. Water temperatures at thé surface (—;‘f‘"_—), 5 M (cmmmmmem
and 10 m (-------+) at North Bay, Cold\\Lake, Alberta
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freeze-up due to the greater depth and consequent slower cooling of Cold

~

Lake.

.

Except for records of the presence of the relict species Mysis

relicta and Pontoporeia affinis (Paetz and Zelt, 1974) the invertebrate

o-

fauna of Cold Lake has not been studied., From an examination of fish
stomachs, the lake appears to have.relatively large populations of

amphipods, particularly Pontoporeia affinis, copepods, mayfly.larvae and

ch%ronomid larvae.

) . . | .
</ Paetz and Zelt (1974) reported 18 species of fishes in Cold Lake;
Roberts (1975) reported 25 species. The composite list is shown in -Table

1.7 All of the cyprinids, plus Percopsis omiscomaycus, Culaea inconstans,
\ ‘ ; o
Etheostoma exile, Percina caprodes, and Salmo gairdneri, were found

.

primarily along rivers or in shallow, heavily vegetated inlets, and were

. i . ‘
~ not included in this study. The other fishes were found mainly in the

e
o

_ . :
lake. All of the latter (except for Perca flavescens, found primarily

in the shallow southern part of the lake, and CottuS‘cognatus, widely

distributed, but sparse, in the lake, and not catchable by the methods.

L
/

‘I employed) were included in the study. The following notes on each of
ghese species aré‘taken from Scott and Crossman (1954), from Roberts
(pérs. comm.), or from my general obéervations;at Cold Lake. betailed
information on the food hébits of these fishes will be presented in a
later section. o

Lake whiteﬁish (Coregonus cZupeafbfmis) are bottom feeders whiéh
gre widely distributed throughout Cold Lake, at various deéthsL hosé of
the year. 1In July and August, thé?’move into deeper{ éoolér water, and

in late October and November, at a time when the water temperatures are
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Table 1. Species of fishes and their relative abundances in Cold Lake,
Alberta. Data are from Roberts (1975) and Paetz and Zelt (1974).
Where they differ, data from Paetz and Zelt are in parentheses.*
\¥Fish species Common name Relative
abundance
\‘;
Salmonidae , ) ' \A _
gallus arcticus (Pallas) Arctic grayling 5‘\‘§I
Cor8gonus clupeaformis (M1tch111) Lake whitefish ++
c. artedll LeSueur Cisco -+
Salvelinus namaycush (Walbaum) Lake trout +¥
Salmo gairdneri Richardson Rainbow trout It ()
Oncorhynchus kisutch (Walbaum) Coho salmon S
Cyprinidae | .
Couesius plumbeus (Agassiz) Lake chub +H o (+)
Notropis hudsonius (Clinton) Spottail shiner -+
N. atherinoides Rafinesque Emerald shiner ++
Pimephales promelas Rafinesque Fathead minnow o
_ Chrosomus neogaeus (Cope) ’ Finescale dace” + (7))
Semotilus margarita (Cope) Pearl dace +  (-)
Rhinichthys cataractae (Valenciennes)  Longnose dace + ()
) &
Percidae
Etheostoma exile (Girard) wa darter +
Perca flavescers (Mitchill) Yellow perch’ ++
 Percina caprodes (Rafinesque) Logperch T+ (=)
- Stizostedion vitreum (Mitchill) Walleye ++
Gastefot idae ‘ .
Culaea inconstans (Kirtland) Brook stickleback +
Pungitius pungitius (Linnaeus) Ninespined stickleback * +H+(++)
Catosﬁomidae
atostomus catostomus (Forester) . Longnose sucker ++
C. commerson1 (Lacepede) White§§sker : +H+ (+H)
N ~
Esocidae
Esox lucius Linnaeus Northern pike ++ .
Percopsidae , .
Percopsis omiscomaycus (Walbauth) Trout=-perch ' + ()
‘Gadidae' oo
Lota lota (Linnaeus) : Burbot * : +H++
Cottidae | .
Cottus cognatus Richardson Slimy sculpin +H+ (+)

. =

‘ %+ rare, ++ common, -+ abundant,
I unsuccessful introduction.

++++ very abundant, I introduced,
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falling, they move into shallow water or the rivers to spawn.

\ .
Cisco (Coregonus artedii) are schooling pelagic plankton feeders,

often observeg at the surface in the early evening during the summer.
The population in Cold Lake is a dwarf one, which is preyed upon by
several~predat§rs. They spawn in shallow water in the fall.

Lake trout (Salvelinus namaycush) are active predators on other
fishéﬁ, particularly sticklebacks and cisco. Tﬁey feed in sha}low water,
except during Jﬁly and- August when they remain in the cooler, deeper
waters. They spawn in relatively shallow water in the fall.

Two-year old fingerling coho (Oncorhynchus kisytch) vere . z
introduced into Cold Lake via the Medley River each spring from l975ﬁ
through 1972. Ea;h fall,‘frdﬁ'1971 tﬁrough 1973, three-year old

; -
potential spawners were trapped as they returned to the Medley River.
They were distribpted maiﬁiy‘along shallow.sandy Bays and néér river
outlets .(Roberts, pers. cémm.). They fed-on a variety of food;
particulafly aqﬁatic»insectsvénd sticklebacks.

‘Walleye (Stfzostedion vitreum) feed on a vaf%ety of fishes
depending on their aﬁailabiiity. " They spawrd in late spriqg‘pr early
summer. v - . »}“

K]

Nlnesplne sticklebacks (Pungitius pungitius) spawn in early
h\
summer . During the breeding season, they swim in large s;hobbs in

o

2

shallow water and are extensively preyéd upon by "lake trout aﬁd pike;

. | . a -
After spawning, they disperse into deeper water. The food‘gonsists

o

mainly of small crustaceans and aquatic insects, o o

Both longnose suckers (Catostomus catostomus)~an&‘whitesuckers

(C. commersoni) ‘are spring-spawning bottom feeders. The food of both
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suckers consists mai;ly of chironomid larvae. During the summer, white-

suckers favour warm kshallow waters, while longnose suckers favour colder

parts of the lake.

NOrthEtTl%f#ﬁr(ESOI Zucius)lare opportunistic predators which feed
on a large variety of fishes. They are widely dispersed in the lake, |
with their highest'populations in shallow weedy bays or in heavily
vegetatéd rivers. They spawn .in very shallow areas, especially along
rivers, soon after those areas open.ﬁp’in the spring. ‘) _

Burbot (Lota lota) are deep—wate}, night-feeding, voracious
predaiors. Small indivfﬁuals, such as those in Cold Lake, féed on a
wide variety of organisms, including amphipods ‘and various esmall fishes.
Larger individials feed almost exclusively on fiéhes. They spawn in mid-

5

winter.



I11I. MATERIALS AND METHODS
: _ L7
Samples of fishes ‘S ¢ cept sticklebacks) were obtained by gill-
netting. ,(Throughout.thig:ilesis, "fishes'" will be used far species,.
"fish" for individuals.) Nets of 37 mm mesh were used for cisco, néts
of 62 or“lBO mm mesh for the Ather species. Samples of whitefish were
collected monthlv fr;ﬁtJune to Octobe:, 1971,Land'from March, }972 to
July, 1974. Samples of cisco were collected monthly‘from June t6 A ,
October, 1971,; May to¢SeptembeF, 1972; and March, 1973 to Jul?él974, Al£
_were collected from sets in No;th Bay (area A in Figure 1). Coho salmon
‘yere obtained from June to October, 1971; Aprii to November, 1972; and
Septem;er to November, 1973, from sets at various locations in -the lake
(areas A-E in Figure 1). P;ke, burbot, lake trout, walleye,.longnose
sﬁckerAand whitesucker were necropsied whenever they were gillnetted.
Walleye‘were obtained primarily from sets near the Cold or-Mediey Rivers
(a;éas B and D), the others were more widely distributed.
Sémpleé of sticklebacks were obtained by seining near the Medley
River (area D), by minnow-trap (areas'C and Df, or from the stomachs of
trout and pike (various locations). i
The weight, fork length aﬁdvsex of each fish were‘déﬁérmined..
Ages were determined from écales takeé from above the lateral line below |
the dogsgl fin. The externai surfaceg were examined ﬁacroscopicaily for
_ectoparasites. Gills and viscer; weré remoyed and immepiately examined
for metazoan parasites using standard procedureé, or were frozen and

v . .
examined later,

Nematodes were relaxed and, killed 1in. glacial acetic. acid, copepods

14



.and the mean intensitv (mean number per’ infected fish, N) of the

15
were relaxed and killed in water, and both were preserved in 5% glvcerine-
alcohol. Trematodes, cestodes and acanthocephalans were relaxed and
killed in water and preserved in AFA &Meyer ;nd Olsen, 1971). Unfixea

cestodes were stained with Blachin's lactic acid carmine stain

By
(Reichenow ¢t al., 1952), fixed cestodes and trematodes with Semichon's

A
)

acetocarmine; all were mounted in Canada balsam. Nematodes and acantho-

: ; .
»
cephalans were cleared in lactophenol and examined in temporary,mdﬁﬁts.
Food items recovered from fhe stomachs were identified, and the
N s\ - . ' ‘ ’ ) '
number of edch type of fish prev recovered from the stomachs of the
predators was counted. The prevalence'of each item was used as an
ind%cation of its importance in the diet.

The measure of the size of the population of a parasite used in

this thesis is a product of prevalence (percent of the sample infected)

-

parasite, termed the '"abundance."

The relative importénce of each ﬁarasite species in an individual
sﬁecies of fish was;measured by a simple dominance index (D4 = 100P4),
where ?i is the proportion of parasite 1, measured as the abundance of

parasite 1 divided bv the sum'of the abundances of all parasiteé in that

host species). - -

, Two dominance indicés for each parasite speécies in the whole fish

'

communitv were calculated. An unweighted domin%hce index was obtained

for each parasite by summing the abundances of 4hat parasitg=acfoss all

‘host fishes, and“dividing by the grand sum of the abundances of all

parasites in all hogt fishes. A weighted domindnce index was obtained in
the same way, except that before summing, the abundance of each parasite -

in. each species of fish was adjusted by multiplying 1t by a weighting

3
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\ -

’

fac;qr which estimated the relative abundance of that host species.
The weighting factor was determined as follows: Kecords of

locations sampled, sizes and lengths %&’nets set and fish caught during

 extensive sampling programs cornducted from June 25, 1970 to Februarv 4,

v

1971, May 19, 1971 to November 5, 1971, and May 18 to September 5, 1972

were obtained from Fish and Wildlife Division, St. Paul. The number of |

[

each species of fish caught per 10° m?

of nets was calculated, then

adjusted to a ratio, with the value for cisco set equal to 100.

I3

Nets were set 1n widely scattered areas; there was no apparent
area select}vit§ for particular host species. Nets were mostly small -
mesh (37 to 62 mm), set in shallow water areas and mainlv in the upper or |

middle of the column of waser. Thus, the Wesh éize; depth and the height

“

in the column where nets were set were important in determining the

numbers and'typeszoﬁ fish being caught. The ratio for each fish speé?es

Al

was then adjusted by a multiglicétion factor obtained bv a subjective
estimation of the degree to which the-nets were selective for or against
that particular fish species. For most specieé, the resulting estimate .of

relative abundance was consistent with the estimates in Table 1. For

o . .
longnose suckers, however, the value was considered to be too high, and

[l
e

-the multiplication factor was arbitrarily reduced. The relative
. o A

abundance of ninespine sticklebapks wvas subjectivély estimated from
seining, trabping and personal'dbservatidna. This whole‘procedurec}s

summarized in Table 2. ‘ - . VEA'

Various measures are used-to compare -parasite communities in ~’

dif ferent fishes, in.fish of different ages, or in fish taken at different

seasons. These measures are:

“
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o

" where Py

the number of fish examined (n),.

the number (S) and mean number (S) of species of parasites

recovered,
the total number of individuals of all species of parasites

(N) in the sample and the mean number of individuals of all

] b
species per infected host N, ’z

. / -
the Shannon-Weaver inFex of diversity (H') (Shannon and

Weaver, 1949), calculated as:

*
. H' = -)_  Pyln Py
1=1

the proportional abundance of parasite i (as above),

and 1ln natural logérithm,

the reciprocal of Simpson's index (SI) (Simpson, 1949),
calculated as:

1
- . ST =

[

= (P2
1=1

an index of evenness (E) (Hurlburt, 1971), calculated as:

min
E = H' ~H'
max min
where H' . = 1N -2 =5* 1 -5+ 1)
min 1 N .
. ",/' \
and H' = 1nS, and -
max _ : , '

an index of similarity of species composition (percent
similarity) between pairs of samples, calculated by combaring
the proportional abundances of each specigs occurring in both

samples, taking the smaller, and summing. ‘ »



Statistical analysis of the data whs done on . an TBM 360 computer

using APL.. Programs used were obtained from the public librarv of the

i
<

Universitv of Alberta computing center, and were based(nypfocedures
outlined in Steel and Torrie (1960) and Sokél and Rohlf (1969). Most
data were analvzed by an anafysis of variance'for ungqual sample sizes
(Librarv 2, STP 2, ANOVA 2). Product-moment correlation coefficients
were détermined using Library 160, PSTAT, CORR. Stepwise multiple
regression formulae were determined using Librarv 2, STP 2, éTREG. In
addition, frequencies of concurrent infections were analvzed using the

G-statistic (Sokal and Rohlf, 1969) and a hand calculator. -

A\

.

19 -



1V. THE COMMUNITY OF PARASITES

A total of 3?105 fish, belonging to ten species from six families,
were examined for parasites (Table 3). The family Salmonidae was
represented by four Species; other families by only oné ér two species.
The species with the highest numbers of individual fish examined were
ninespine sticklebacks, whitefish and cisco, with walleye and loﬁgnose
sucker having the least.

Thirty-seven species of parasites were recovered; they belong to
the Monogenea (2 spp.), Trem;toda (73, Ces£oda (14), Nematoda (5),
Acantb&cephala-{B), Annél}da (1)‘add Copepbda‘(S),- Me techinorhynchus
Salmogis, which matured in six fisﬁ species, was the most common

'

parasite reqovered; other parasites cofmonly recovered were Ergastlus

: S
auritus, Ergasilus nerkae, Cyathocephalus truncatus and Proteocephalus
plerocercoids. ("Proteocephalus plerocercoids”-is prd%ably an arﬁificial
assemblage'of immature stages of several species. All wefé in the
intestine; all lacked mature pfogiottids or any other distinctive

charaéter.)

Each of the species of fishes examined Héd a cHaraqteriStic o
assemblage of Species of parasites. These assémblages‘(= communities)
~differed in ;any respects (Table 4). The>number of species (S)lwas
highest innwhitefish (16) apdéiqwesglin walleyq (3); the mean number of
sbecies per infected fish (S) varied from a high of 4.6 in whitefish to
a low of 1.83 ;n whitesuckers. A particularly large proportion of thé

_ species of parasite$ in sticklebacks were in the iarval stages. The mean

number of individual parasites per infected host (ﬁ) was largest in lake

%0
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Table 4. Diversity of the

22

parasite ®aunas of fishes from Cold Lake, Alberta
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() (I) () (). (sM) (N) (s1) (H") (E) -
_ Stickleback 1038 923 13 3.24 4  14.06 3.78 1.60 0.61
Cisco ~ 757 670 15 2.47 9 32.69 3.24 1.52  0.55
Pike 62 62 8 2.53 5  89.94 2.75 1.08 0.52
Walleye 12 11 3 2.09 2 15.27 2.45 0.98 0.89
Longnose sucker 12 12 4 2.00 3 36.50 1.90 0.90 0.64
_________________________ G R :
< | R
Whitefish 836 828 16  4.60 11  211.60 1.55, 0.83 0.30
Coho 288 286 14 2.02. 8 178.09 1.20 0.39 0.15 ‘
Trout 35 35 8 3.6 4 504.66 1.19° 0.84 0.16
Burbot 29 29 6 3.42 5 228.96 - 1.16 0.31 0.17
Whi tesucker 3 3 8 1.83 7 38.06 1.09. 0.26 0.11
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trOUt‘(SO;)'and lowest in sticklebacks (14) and walleye (15). Diversity,
as mcasured by Shannon-Weaver's H', Simpson's Index (ST) or Hurlburt's
measure of evenness (E), varies considerably between species of fish,
with particularly low values (SI less than 1.6, E less thaﬁ 0.4) in five
fisﬁes (whitefish, trout, coho, whitesubker and burbot). The parasite
fauAaS in all these hosts were dominated by acanthocephalans,
Pomphorhunchus bulboc®lli in whitesucker and M. salmonis in thebothers.

Two of these measures of the communities of parasites appear to
be reflections of the number of fish examined (n). Boéh S and H' were
significantly correlagéd with n (Table 5), suggesting that more rare
species were recovered with an increase in n. This is further
strengthened by- the lack ofia statistically ;ignificant correlation
between n and SI (t = 2.09, P > 0.05), which is less séésitive to rare
species than H'. }

The three measures of.diversity are obviously closely correlated
(Table 5), making presentation of mor;Jthan one redundant in mosﬁ casés;
Since SI has the widest range ;f values, it seems to show relatioﬁsﬁips
best, and will be used in the rest of .this thesis. The other two will

be discussed only when they show different patterns.

- -When the species composition of the parasite communities in

vaq;ohs fish hosts are compared by means of the percent similarity method, -

a single cluster was apparent (Figure 3). Thié cluster had a central
group consisting of bu;bot and thréélsalmonids (whitefish, £rout and
‘coho), characterized by high sim{is;i;iés between their parasite
communities, and by high‘abundangeS'of M. éalmoﬁié. The fourth salmonid

(cisco) showed high similarities to coho (both had high abundances of

the two species of Ergasilus), but not to the’other three. The only

\




Table Correlations between various measures of diversity of
the parasite.faunas of different fish hosts.
Correlation'coefficients within bg&es are statistically
significant (P < 0.05).

n .S s SM N H' ST

S .80

S .48 42

~SM .50 .83 .34

N .06 .57 41 .07

H' .68 230 % -02 . .04 ~.58 N

SI .59 .21 -.07 .17 .22 .97

E .16 29 -.26 .48 -.57 76 .74

>,

oy



™~ Figure 3. Percent similarity between parasite communities in fishes
from Cold Lake, Alberta
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other high similarity, between cisco and pike, may be misleading, since
it is‘largely due to high abundance of Proteoceph;lus plerocercoids,
which actually may ge different species in the two hosts. Most of the
other fishes are charaéterized by parasites specific to them.

The importance of each host fish in Zhe community of fishes (as
determined by the relative abundance = wéighping factor, p. 16), and the
importance of each species of parasite in each of tﬁose fish (as
determined By the relative ;bundance of each parasite, Appendix 1) are
illustrated ig Figure 4. For ethple, cisco was the most abundant fish,
with a weighting factor of 100 (or 51.8%) out of a tota£ of all weighting
factdrs of 193.48; its slice of the’pié in Figufe 4 was thérefore 51.8%,
or }86°. The most abundant parasit; in cisco, Proteocephalus plero-
cercoids, made up 50.3% of the total parasite abundance in cisco; its

slice of the cisco slice was therefore 93°.

‘ivious from Figure 4 that the salmoniés, mainly whitefish

‘ an fnated the community of fishes. It is also obvious that

:{kés up a substantial portion of the community of parasites
in ald .:ry species of fish. -

;hean number of parasites per infectéd'fishbbgried greatiy
betweefg :h species; therefore, éne:cannot get a good idea of the
;bundance of each'épecies of parasife by eﬁamining Figure 4.

‘ f, the weighted dominance index, which is a measure of .the

relative abundance in the total community of parasites, was calculated

~

‘(p. 15) for each species. The results are shown in Figure 5. It is

apparent that parasites typical of salmonids, especially M. salmonis,
dominatedikhe community of ‘parasites. .

Within this community of paraéites, a large proportion of the .

B



Figure 4.

*

The dominant parasites in each species of fish host in Cold
Lake, Alberta

Gyro - Gurodactulus sp., Ag - Apatemon gract lus,
~ Ce - Cotylurus erraticus

Dsp ~ Diplostomum spathaceum

Both - Bothribcephalus cuspidatus

Cary - Caryophullaeus sp.

Ct - Cyathocephalus truncatus

Pf - Proteocephalus filicollis .
Pp - Proteocephalus plerocercoids

Prot - Proteocephalus sp. (A)

Ss - Schistocephalus solidus

Tn - Triaenophorus nodulosus \

Cs - Cystidicola stigmatura B ~ . .
Rhab - Rhabdochona cascadilla .
Ms - Metechinorhynchus salmonis

Pomp - Pomphorhynchus bulbocolli

Ea -~ Ergastlus auritus

"En - Ergasilus nerkae
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Figure 5. The dominant parasites of a comm@ﬁ({it? of fishes in Cold
-Lake, Alberta. The portion of each section of the pie
-represents the dominance of each species.of parasite
w1thin the community

Ds - Discocotyle sagittata

Gyro - Gyrodactylus sp.

Ce - Cotylurus erraticus
.Dsp - Diplostomum spathaceum

Ct - Cyathocephalus truncatus

Pf - Proteocephalus filicollis

Pp - Proteoceephalus plerocercoids
Cs - Cystidicola stigmatura

Ms - Metechinorhynchus salmonis K
Ea - Ergasilus auritus-'

En - Ergasilus nerkae
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species (707) matured in one or re of the fish hosts (Table 6).
\ )
Cestodes had the most species of hodts (12), but they had a fairly

low total dominance index (9.8). OnlY\ihreenspecies of acanthoéephalans

were recovered, but they ﬁad the4higheét total dominance index (53).

T U

Only 30% of the species of parasites recovered were larval forms, of

which most (19%) matured in fish (Table 6). -

DISCUSSION.

\

In Cold Lake, the number of species of non-salmonid fishes is
14

greater than that of‘salmonids (Paetz and Zelt, 1974; Roberts, 1975), a
situation similar{fo that in other oligotrophic lakes in which the
parasites have been studied (Bangham and Hunter, 1939; Bangham, 1955;
Decﬁtiar, 1972). 1In all cases, the non-salmonid fishes have a greater
number of species of parasites than the salmonid fishes (Table 7). Also
shown in Table 7 are the results of two gurveys of eulrophic lakes,

Trumbull Lake, Iowa (Meyer, 1958), and Druzno Lake, Poland (Wisniewski,

1958; Kozicka, 1958, 1959). In each of the last two, only’noﬁ—salmonids

LN

were present.
- w

In terms of abundance, the salmonids in Cold Lake, particularly

the cisco and ﬁo a lesser extent the whitéfish, dominated the cdmmunity
ofanéhes and tge species of parasites typica} of‘phe dpmingnt‘;;lmonids )
‘dominated the parasite cémmunity.‘ This obsérvationragreES with Wisniewski}s
(1958) general. conclusion that the parasite community within anhécosystem
is characterized.by parasites of the.déminant bbsts. Chubb‘(1963a) came

to a similar conclusion:  Unfortunately, none of the studies summarized

in Table 7 provided data on intensity of infection, or on relative

3



Table 6.

9

A comparison between the number of species and their

33

N

abundance for larval parasites and adult parasites belonglng

" to different major classes in Cold Lake, Alberta

Sum of - Percent

dominance indices No. spp- of total
Adult parasites 78.44 A 32 70
Monogeneans 4.1 2 4
- Trematoddg 0.12 4 9
Cestodes 9.8 12 26
Nematodes 2.87 5 11
Acanthocephalans 53.14 3 7
Others 8.41 6 13
Larval stages 21.56 14 30
To fish 16.07 9 19
To birds 5.49 5 11
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proportions ofltﬁe different host species, so that Wisﬁiewskifs
conclusion cannot be tested with their data.

Wisniewski (1958) also éoncluded that in eutrophic ecosystems,

most of the larval parasites in fish culﬁinated their life cycle in
piscivorous birds or maﬁmals. Esch (1971) ag;ees with Wisniewski's
specific conclusion apd proposed a trophic-level hypothesis of predator- -
prey felationships to explain such differeﬁceijlparasite distribution.

Esch-et al. (1975) expanded - that hypothesis, pointing out that oligo-

trophic systems afe relatively closed, with negligible aquatic-terrestrial

interactions, whereas eutrophic ecosystems are mo;e open, wichQZtensive
aquatic-terrestrial intéfactions; .

These conCIUSiohs can be tested, using the data from the studies
summarized in Table 7. Dtuého,énd Trumbull Lakes show the”ratiqé of
larval forms coﬁpleting their life cycles in birds to those compieting
their life cycles in fish that were predicted for eutrophic lakes. ‘Cdldéﬁ
lLakeAand Lake‘Hufon show ratios predicted fbr oligotrophic. lakes. How-

. evef,.Lake of the Woods, an oligotrophic 1ake.on the Canadian Shield, has
“a high p;oportion of larvaliparasites completing their life.cycles iﬂ"
piscivorous bir&s, and the.much more eutrOphic-Lake.Erig has a felatively
high proportiog maturing in fish (or at least, did in tye 1939 sqrvey).
These-léét»two 5urveys indiFate different predator-prey relationships and
aquatic-terrestriai‘1nteractions than would béﬂpredicted on the basis of
degree qf-eutrophication.

‘In order té cdm;are the parasite communitiés¢0f the!specieslbf
fishes ;ollected at Coid Laké with'Fhose of the same species collected .
elsewhere, I recalculated Simpson'sJIndex for each, using data on

prevalence only. I also calculated Simpson's Index for the same species

v
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in other surveys (Table 8). .(These indices are not as satisfactory as

. o) N
those using data on abundance, but the required data on intensity were not

v

\ ,ayailable.);, | B . ,‘J-;‘
In-general, the diversiry.in‘Cold Lake was among the lowest for o

_deaCh species; Whiteflsh may be an exception, with the diversity in Cold
Lake somewhat higher than that in Lake Huron or coastal Labrador, but some-

what 1owef*than‘tha£\in Lake of the Woods. It should~be noted that the

o

S
. \gzver51ties calculated\ln-this way for the parasites of fishes of Cold

\\\Eey\a\thoughglow are cnnsiderably higher than those calculated using

S
N

data on abundance (Table 4) The 1atter~reflect the general dominance of
"'the communities by high numbers of acanthocephalans, p. bulboeollz in
' whitesucker and particularly M. salmonts in other species The unUsual

dominance in so many species of fish hosts by M. salmonis will be

d1scuSsed'in section VII.
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Table 8. Simpson's indices, based on prevalence, of the parasite
faunas of various species of fish in different lakes in
North America '

CL* .LW TL | LH LE LAB
‘Whitefish 7.04 9.23 - 5.18 - 339
Cisco 6.92 15.16 - : 5.49 - -
Lake trout 2.72 . 7.30 - b 3.05 - 12.12
Pike 3.19 9.75 3.8 672 4.58 -
Whitesucker 2,48 12.26 2.46 5.56 | - B
Burbot 3.20 . 13.11 - 5.09° - -
Walleye . 2.92 14.75 B 3.01 2.7 -

+

"*CL - Cold Lake; LW - .Lake of the Woods, Ontario; TL — Trumbull
Lake, Iowa; LH - Lake Huron; LE - Lake Erie; LAB - Coastal Labrador.

:
/

e




V. MODIFYING FACTORS

A. FISH AGE

Enough individuals(belonging to different age classes df whitefish,
cisco‘and coho were examined so that’data frem these three fishes could
he used toidetermine the effects of age df the fish on theif‘farasite
communities.

The patterns 6f these communities are shown best in the data from //~

whitefish (9 age classes) and cisco (5 age classes). The patterns of N

X

e

and SI are shown in'Figure 6. Details, and data on measures not shown
in the Figures, are provided in Appendices II and III. 1In both species
of fish, S increased slowly with age, then declined in the oldest age
class. Unfortunately, sample sizes followed the same pattern, so 1t is.
not clear‘whether the basic relationship is'an increase in species of
parasité with age or with sample size. Except for a lower value in the

'youngest age class of whitefish S did not differ significantly among age

1

classes in either species.
t

The patterns of other meesures were markedly different between the
two'species of fish. In whitefish N increased in a roughly linear
fashion with age, but in cisca, there was no significant variation in N’
with age. In whitefish, SI, H' and E-were all decreasing, concave
functions of age (exemplified by SI in Figure 6), with H" somewhat more
flattened than the others. In cisco, ST and E decreased with age to

minimal values in age classes III and IV, then increased; H' wvas

) R R . e
essentially constant in age classes I through;IV3vthen increased. -

_ . 38



Figure 6. The mean intensity (# Standard Error) (————) and-

Simpson's Indices (-=------) of whitefish age classes II to
X and of cisco age classes I to V

L
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The two available age classes of coho were examined; S, 5 and N

were signif i igher in the older fish, even though the sample size
was smalle he - diversity indices (SI, H' and E) were smaller in

the older

_i2196l) followed Gorbunova (1956) in recognizing thr
f;ance independent of age, an iﬁcreasing function of aé@“» »
(the uélcd” ﬁ), and a decreasing function of age. An additional
patterh: A appareﬁt’in the presen£ stud&: abundance reaching“a
i méximum 3 in middle agé. . The paiternsfshown by the common parasites
- of whitef; iﬁcisco and coho are summarized in.Table 10.
Onlé Ee species (E. nérkae) showed a decrease in abundance with
age; thié'dé"f;ase was consistent in all three fishes. Only one of thé
relatively abundént species (Diphyllobothrium plerocercoids in cisco)

was apparentl pdependent of age. The rest of the abundant species

increased wij é; or reached maximal abundances in middle—aged fish.

Except for he impossibility of detecting the last-pattern in coho, "and
for D. sagittata, which reached maximum abundances in age classes IV and
V in whitefish, but increased through all age classes in cisco, the

patterns shown by individual parasites in different. fishes were consistent.

In whitefish and coho the‘patterhs of the most common parasites
; . . . P .

(including the dominant C. truncatus, C. stigmatura>agd/M. salmonis)

showed an increase in abundance with age, but in:«cisco, the majority of
" the most common parasites (including the dominant Proieocepkalus
plerocercoids) reached a maximum'at,middie age.

The abundances of several 'parasites, notably D. sagtttata, P.

extguus, Proteocephalus plerocercoids and C. stigmatura between age

+




Table 9. The diversity of the parasite community in coho age classes

IT and 111

L)

Age class

11 IT1I

No. examined . (n) 210 78
No. species (s) 10 13
Mean' no. species (S) 1.80 2.68

* S.E. +0.06 10.17

' Mean no. individuals (N) 70.0 555.8

+ S.E. +4.79 4.4
Simpson's Indéx (sD) 1?46 . 1.10
Shanndn—Weaver Index (H') 0.55? 0.26
Eiemness (E) 0.25 0.10
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classes VI and VII in whitefish and Proteocephalus plerocercoids between
age classés ITP and IV in cisco, showed an obvious break just prior to

& : )
the prime reproductive years of feach host (Appendices II and 111)..

Discussion

-

In-his monumental review of the ecology of parasites of fresh-
water fishes, Dogiel (1961) concluded that parasite communities in fishes

increase in complexity ("become more variable") with age. He used S as

an index of complexity, and cited data from a number of fishes, including

Coregonus lavaretus and Esox lucius, which®agree with the hypothesis.

Dogiel pointed out that data (from Layman, 1946) on parasites of

cultured carp are an exception, showing no ‘change in S with age. He

attributed this difference to thé confined environment of the cultured

'f;sH However, he also cited data from Dubiniq (1936) on parasites of

]

I%ymallus thymallus which showed an increase in S between the O+ and:l

l’ i

year—old fish, but no further increase in fish up to 4 years old. My

-

‘data on,g in thtefish show essentially the same pattern as that for

Thymallus, with no further increase after age class ITI, No O+ cisco

were examined in this study, but S showed-ﬂo significant variation in

- ciscos between age élasseS I and V. In'coho, S did increase betweeﬁ age

& '
classes, agreeingﬂwdth Dogiel s hypothesis.

Dogiel provides data on only two species, Coregonus Zavaretus and

Esox lucius, for which an index of diveréity can be'CalcuLated and used
as a measure of complexity. 1In E. Zucius,»SI-diq‘gen7xhlly increase with
) B - Y S

age, agreeing with hismcoﬁCIusi%n, but in C. Zavapetué,,SI did not
-~ - - W

continue to_;RC§gasg with age, but reached a maximum at ages 2+ and 34,

then q§ciined (Figure 7). -

p



Figure 7. Simpson's Indices for Coregonus lavaretus and Esox lucius
of age classes 0+ to 5+ (data from Dogiel, 1961)

L} .
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In my data on_whitefish and cohlwo, SI showed a consistent decrease

in complexity with age, but in my data on cisco, SI reached maximal
levels in middle-aged fish. These patterns of diversity showed inverse ”

- &
W

relatlonships with the patterns of ‘abundance of the deminant parasites

in each host, which were directly responsible for setting the patterns of

N. These inverse relationships are apparently due to the acquisition of
disproportionally large numbers of the dominant parasites, particularly

M. salmonis in whitefish and coho and Proteocephalus plerocercoidslin

o

cisco, as the host aged.

It appears that the relationship between complexity of the parasite
community and age of Ehs host may depend on the ecosystem from which the -

host is taken and that general rules, such as Dogiel's, may not work in
v . .

~ some systéms. .,

Dogiel (1961, }964);pointed out éhat changes in_inféctionvwith age
of the host might be due té an Increased surface area (for ecto-
parasites), a change in amount and type of.foéd consumed, the ability of
some parasites to accumulate, or a change in the behaviour of the hoét.
In a&dition, Schéd (1966) has suggesssﬁ that the immune system might be

sensitized by one species of pagasite, but operative against others.
;a‘n ’

Other authors have pointed out that individual species may be ,

affected differently B§ the age of the host and that the}effgct‘of age” .

on the same species of parasite may be different in different hbsts, or

, [ o . .
in the same host in different locations, suggesting that effects (in some

cases, at least) are functions of the ecosystem, not the hopt—parasi%g
! .

s

relationship per se.
Thomé§ (1964), examining Salmo trutta, and Chappell (1969b),

working on Gasterosteus aculeatus in Yorkshire, found that the abundance

[
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of Adeoechinorhynchus rutili decreased with age. Bibby (1972) and Walkey
(1967) fouﬁd that the same acanthocephalan; in Phoxinus phoxinas and

G. aculeatus (in Durham), respectively, increased in abundance with age.

Walkey showed that the increase in abundance was due to an increased

consumption of the ostracod intermediate hosts as the host aged. Thomas
/a{ZriQuted the decrease to a scarcity of the intérmediate host, thle
Chappell attributed the decrease to a change in host diet and behaviour.
Awachie (1966b)found that the intensi?y of C. truncatus in S.'
trutta decreased with host age. However, Baue; and Nikolskaya (1957;
in Dogiel, 1964) found that, in Lake Ladoga, only &+ or older whitéfish,
Coregonus lavaretus, were infected. In both cases the authors
attributedltheée changes to ecol&éiéal factors, mainly a change in diet.
In the present study, the iﬁtensitiés of C. truncatus in whitefish
and cisco showed_a similar pattern of increase Qifh,age. The iﬁcréase
can be expiained in part by diet (see section V, C). However, the

. - ;
increased size of the pyloric caeca in- older fish may also be important.

Halvorsen and Macdonald (1972) have shown that c. truncatus selects the.

more anterior, longer caeca in S. trutta. They suggest thaé the opening

of ‘the bi%s duct, beside the fourth cae;um‘of the-dorséi groqp, plays/a
part in the selectivity: I do not have quantitative data on the:

location of C. Efuncatus in.the pyloric caeca, but my general observations
agree with those df»Halvorsen and Micdonald in that tost C. truncatus in
whitefish were dis;riﬁuted in the.mostranteribr pyloric caeca: which are

'longér and also cldse to the opening of the bile duct. In the iarger

\

~ whitefish or cisco, these anterior caeéé*ﬁére larger, had larger

‘ openings, and each'appeared_tp‘COntain ﬁore tapeworms. The small size of

the pyloric caeca of cisco may be one reason for the lower populationd

¥
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density of C. truncatus in that host. 1In addition, the number of caeca
in the anterior group may be important, as suggested by the much higher
density of C. truncatus in whitefish, which have a m&ih larger number
of caeca in the anterior group, than in brown tréut.

E. auritus, E. nerkae and various species. of Proteocephalus
appear to be primarily parasites of young fish. Thehergasilids are ecto-
parasites which attécﬁ_to the lateral margins of the gill filaments,
with the second éntennae wrapped around the filaments and the pointed
claws thrusting into them (Kabata, 1970). Wi;h tﬁis ﬁethod of at%%ch—
ment, the st;onger gill-ventilating currents and/or the increased size of
the gill filaments in older fish are unlikely to affect them, and are
especially unlikely to affeét the two species differently.

However, both species feed directly on the gill epithelium, 1ike.
DactyZOerus sﬁp., which are known to stimulateca strong immune resp0ﬁse

)

from the host ﬂPaperna, %964). The ergasilids may also stimulate éuch
an immunity. If'so, the iﬁmuné reSpsnse may affect the two'species
differently (as it does with different species of Dactylonrus; Paperna,
1964), possibly due to differences in the biology of the two spécies. |
The population of E. nerkae is highest in late summer, while that of E.
auritus is highest in spring. The immune system may be more responsive
at the higher summer temperatures than at‘the lower Spring’temperatufes.
Thus one could expect the immune response to be more effective against
E. nerkae than E. auritus, which is what the age—speéific éatterns
suggest. . & . |
An additional factor may be involved in the reﬂuction in numbers

" of ergasilids with age in whitefish (but not in cisco) The young

whitéfish lead a partially pelagic life, like cisco, as evidenced by the

&
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recovery of large numbers from gill-nets set at midfwaﬁer for cisco.
The nauplii of ergasil%ds have a tendency to move to thé surfacé waters
at night (Bauer, 1959); therefore:‘the young whitefish may be exposed to
larger numbers of infective nauplii than.are the more benthic older
fish.

Proteocephalids have Cyclops as their intermediate hosts.
Aithough no Cyclops or other planktonic copepods were recovered from
whitefish of,any{age class, tﬁe great inténsity of éroteocephaiids in
young fish sugg%sted that Cyclops must have been consumed, presumably

accidentally, more frequently in young fish. This is reasonable,

considering their more pelagic habits.

One of the interesting features of my data is the differehce inv
the pattern of abundance of D. sagittata with age in whitefish and éisco.‘
- Thomas (1964) found thatrthe intensity of D. sag%ttdta in 5. trutta g
'in;reased with host age up thqpugh age class IV, the oldest exémined, as
in cisco iﬁhmy study. Paling (1969), Loweyer, working on the same host,
found the abundance of D. sagittata increased toia maximum‘i;'age class
VI, thgn decreased chrqugh age class IX, a pattern ;imilarlcé,that i
found in whitefish,

Thebdeérease in abundance of b. %égittata in bldef whitefish may
be due to aﬁcombinaﬁion of .factors, including 1) stronéef.gill- .
ventilating curren55i;?).larger gill filaménts, which may affect the
adhesive mechanism; and 3)'behavioural changeg associated with aging‘in,
whitefish. A |

Paling (1969) ﬂas shoyn-that most;oncomiraéidia of D. sagittata

passively landed on the second and third gills, but-most adult parasites

were found on the:first and second gills. These suggested that through

¢ . o
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post-contact migration the parasites were actively gelecting attachment
sites away from the strongest ventilating currents. Llewellyn and Owen
(1960) Have shown that D. sagtttata attaches,\and inclines its body, so
as to offer less resistance to the gill-ventilating currents. These
features suggest that the stronger currengs in bigger fish may be
important.
Llewellyn and Owen also éhowéd that the size relationship bergen
the qlamps and the gill iameilae is important. In the present study,
D. sagittata in yhitefish were observed to reach considerably larger
sizes than in ciscd.. Paling §1965) ghgyed that the-éize reached by D.A.
sagittata iﬁcregsed with age of brown trout. He rejected the ideg,that
,tﬁe size of.thé'parasites was limited in some waf by the size of the
host, and aséfibed the increased size range to continued growth of the
parasités over a period of éeveral years. .quever, Ha;vorsén (1969) has
'argued that tpe morphological variétions iﬁ the posterior p;ft of‘the ?ody
of Diplozoon péradoxum from roach, bream and hybrids were adaptive k
responsés for attachmént to the different hosts. Halvorsén's argument‘
suggests that the alternatiye hypbthegié, thét the'size'(morphology)!of
.the samérparasite in variogs_agés of the séme hbst, or in different ;
hgsts, is modified to adapt to the environmenp; should be feconsidef;d;
‘There may be a'limit to Fhe size of the giii lamella to which the
parasites can ;dapt. ,Béyoﬁd that size, the‘édhesive meéhanisms'of ﬁhé
lclémps may be less effective and\stfongvgill-ventilating currents c;uld
have‘a'greater chance of dislocating the ﬁarasite.
| The physiélogical changes in whitefish,associatéd with sexual ,

maturation at age class VI could have effects on D. sagittata. However,

the maturation of cisco at age class IV seemed to have no effect on

/
AN
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'. fagittata as the intensity continued to increaseé Whitefish, But not
cisco, show behavioural changeé assoclated with aging; these ;hanges,
together with the behaviour of the infective lar§he, may be important.
The greater pelagic activity J? the younger whitefish may resuit in

greater contact with the infective oncomiracidia, since Paling (1969)

showed tha; the oncomiracidia of D. sagittata swim to the surface in

B. SEASONS .

response to light.

Because of the significant effects of age of the hosts on their #
‘parasite communities, the éffetts of seasonal changes wére examined -

within restricted groups of age classes. Two groups of whitefish were
anafysed: age classes IV ahd V (pre-reproductive classes:JGroup A), ana
age;classes-VII and VIII (prime rebroductive classes, Group B); These

two groups bracket the break in abGndancé of many species of paraéiteS'
between age classes VI and VII. In addiéion, the overall N in Group B
whitefish is nearly double that in Group A. If there afetége—épecific

differences in seasonal patterns, these two‘gfoups should show them.

Data on cisco consisted of those from'age classes IV and V (prime

[y

FER N
¢ %

" reproductive classes).

s

The seasonal pattefns of S, N and SI of thé par;site communiiies ¥
in the'three groups of fish are éﬁown in Figure.8. Det;ils and data on
other measurées are given in AppénéicesAIV to VI. In all three groups, S.
7.§ar;ed.irregularly; with maximum'values in the summer. S in both groups

of whitefish decreased from early summef_to late summef or garly-fall'and

fluctuated at a moderate level at other seasons. In cisco, S showed

~—



Figure 8. Seasonal diversity (mean no. spp. € Y CRm— ), mean no.
individuals per infected fish (§) (————), and Simpson's
Indices (SI) (++<+++++))of parasite communities in whitefish
and cisco ' .
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»sharp decreases in early summer and mid-fall; ecach was followed by a

gradual increase. The varidtion with season was statistically

Q
3 -8

significant in Group B whitefish anélciscé, but not in G;0up A thtefish,
possibly because of small sample sizes.

Both Group\B whi;efish gnd cisco also ;h0wed sigﬁificant ;hanges
id N. Group B whitefish showéd two peaks, in December agd July, with
minimum values in April and September. Although there was no
statistically significént variation in N inVGron A whitefish (again,
probabl? due to the small sample sizes), the data did suggest a peak in
winterfl @ . patterns in cisco were the conver?é of that of Group B
whitéfish, with peaks in Apr;i and Septgmber, and minimum values in
J;iuary—February and June. | |

In each of the threeggroups of fish, thevihree diversity indices
(SI, H' and E) showed similar patterns. In Gfoup A whitefish, diversity
(as exemplified by SI in Figure 8) peaked in January and May, with .
minimavin April and August. In Group ﬁ whitefish, diversity ?eaked~in
January, then decreased to a minimum in early fall. In cisco, diversity
peaked in January, deélined to’a minimum in April, then increased fo{g‘
fairly constant level through.thé rest of the year. (}‘&k

Parasite communitieé in all three groups éhowéd a similar patte;ﬁ
of“; maximum diversity in January, then a‘decrease to April, during the

period of low, constant temperatures. This decreasing diversity ,

accompanied- a decreasing N in both g;gups/of”ﬁﬁitéf1§h, but an increasing
ﬁ in cisco. Overall, N and ST were significantly positively correlated
¢r = 0.61, t = 2.45, P < 0.05) in Group A whitefish, significantly

negatively correlated (r = -0.73, t = 3.35, P < 0;01)vih.éiséé;‘and not -

vﬁ;ed {r - 0.20,,t’= 0.66, P > 0.05) in Group B whﬁ?zf
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The seasonal patterns of nine common dominant parasites yhich:w
affectea the diversity of the pafasite comﬁunities'are shown in Figure 9.
Defails on other parasites are given in Appendices IV to VI.

Thelseasonal pattern of . sagitfata was most obvious in Group A
whitefish, in which populations ?ere the greatest. The pqpulations
increased from early spring through late summer, then decreased to late
fall and fluctuated\fhrough the winter. In Group B whitefish, and in
cisco, they Teached peak popuiations in the fall and fluctuated

irregularly during the rest of the year. The parasites mature in summer

) .
4 . -

and early fall. ‘ Lo : v e

In both groups of whitefish, the abundance of C. truncatus showed
two peaks, in early winter and in midsummer. The abundance of C.

truncatus in cisco was low and showed no obvious pattern. The cestodes

’

mature in late spring and summer.
’ The proteocephalids were found primarily in young fish and mainly
in summer. The abundance of P. exiguus in Group A whitefish increased

suddenly tos a peak in May, then declined through December, with Fdttle or

no infection during the winter. The seasonal pattern in Group B white~

 fish was ‘similar, except that they were present for.a much, shorter peridd
¢ : '
(May to August) and at much lower abundances. The abundance of P.

fichollls in ciapo peaked in August, with minimum values in winter.

S 1

Both species appeared to. be gravid only in late summer.

In whitefish, Proteocephalus plerocercoids<gg£§*fnuné~primarf1y”"

/

o in the w1nte:¢,uith»yeak"ﬁﬁﬁge;g¢15~3;;;ary In ‘Group A whitefish,
,;////”’EI;;:;:;;;c numbers were also found in May. 1In cisco, the abundance

. {3 .peaked in April, then remained at 51gnificant levels thrOughout the

<

‘ summer.



Figure 9. The seasonal patterns in the abundance of nine dominant
parasites of Group A (s+evvvns ) and Group B ,(_""'f)
) whitefish, and ¢isco (—<—) ‘
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Figure 9. Continued.
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’ analyzed for differences between years coubining all samples taken.

‘in all three groups of host throughobt the year.

f:l

Cystidicola stigmatura showed a single, fairly regular cycle of
abundance, with maximum values in winter and minimum values in late
sumner. The parasites matuce in spring and summer.

The seasonal pattern of M. salmonis was most obvious in Group B
whitefish, in which there were peaks in July and December,.with minimum
values 'in April and September. In Group A whitefish, the pattern was
less 8bvious, but showed a peak in December. In cisco, the abundance

showed very little variation. Gravid female acanthocephalans were found

The two species of Ergast lus were recoveredffegularly only from

cisco, and appeared to show different patterns ag}abundance Ergastlus

. nerkae had a single peak in late summer; E< auritus had a major peak in

April and May, with a smaller peak in September and October. The seasonal
abundances of E. aquritus and E.dne;kae were negatively correlated

(r = —0.016, t = 0.049, P >,0565)§ although the correlation was not'
statistically significant;”it did‘suggest avoidag%e of direct interaction.

In addition, concurrent infections of individual fish with both E. auritus

b
°

/.

' and E. nerkae wefe significantly fewer than expected during periods of

high populations in June, July and August samples combined (G = 13.9,

A

p <AO.OOL);and in December, January and February éamples combined (G = 26.1,
P < 0,0013. A small proportion of the ergasilids had "egg sacs throughout
thef§ear; from April to November, a'large proportion of each species hadﬁ

/ .
egﬁ/sacs _ : .

3.

Data on the most abundant parasites in whitefish and cisco were

between April and September in each of the years 1971 through 1974 (Table 5v

3

11). (Data from coho are analyzed separately in gection VI.)

v
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Very few consistent, interpretable differencés were founq. For
example; in cisco, N showed a continuous, statistically gﬁgnificant‘
(F=11.0, P < 0.001) decline from 1971 through 1974. Except for M.
salmonis, the common parasites in cisco all showed a reduction in
prevalence or mean'intensity (or bqth) between 1971 and 1974, but the
values in the intermediate years showed almost every‘conceivable pattern.
In addition, N in whitefish showed no significant variation between years
(F, Group A = 0.37; F, Group B = 1.5; P > 0.2).

During ‘the period of study, there appeerS‘to nave been an overall
decreese in the populations of D. sagittata (although this is not shonn '
in data‘from Group A whitefish), F. nefkae, and F. aufitus; an overall
increase in the population of C. stigmatura, and no apparent change in
thelpopulations of M..salmonig and C. truncatue The populations of the

~

Proteocephalus spp. _appeared to fluctuate irregularly

. Discussion

It was apnarenf that the patterns of N (end the generalilevel of
diversity) of'the parasite communitiee in both gtonps of whitefish were
dictated primarily by the abundance of the dominant parasite, M. salmonzs
but that.tkeipatterns of diversity were influenced primarily by numbers
of the other common patasites (Cf truncatus, Proteocephalus plerocercoids
and. C. stigmaturn). In cisco, where no parasites dominated_througheut‘

the season, a higher diversity was the rule, with a particularly high

diversity in January; at the same time as-in whitefish, and a low

’

diversity only when one parasite became dominant.

traditionally

P

. ‘;:_:v A
In cold temperate lakes, water temperature i

considered to be the major factor determining g sonal patterns in the
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abundance and aotivity of both Yertebrates and invertebrates. Factors
important in determining the abundance and/or maturation of parasites
include those of the behaviour of the hQ?tS’ particularly their feeding
habits, the availability of intermediate hosts, the development of larval
parasites in those intermediate hosts,'and the resistance of fish to
infection. Since changes in temperature may have different effects on
each of these factors, the seasonal patterns of abundance and/or
maturation of parésites may be complex, and may differ between pérasites
or between hosts.l . ¢ | |

The most imoortant aspect of host behaviour is thedfeeding
behaviour, which is considered to be offsufficient importance to deserve
a separate section (V, C). Another aspect of behaviour important in
| determining the seasonal patterns in the parasite comnunity is the migra-
%tion of whitefish into deeper water as the lake warms up in late summer.
At this time,‘'the intensities of (. truricatug and M. s"almomla decrease,
Trout undergo similar migration, the effect on the parasites is
presumably the same. fv . ‘ ‘ " ‘ B

Itdid not study the availability of intermediate hosts, except as
availability was reflected in the stomach contente of the fish. However,

\

Larkin. (1948) showed that the young of P. affints, intermediate host for

both C. truncatus and M. salmonts were born in winter and.could survive”

for more than two years. ' In this case, at least, avallability of the’
_ : PR ‘
intermediate host does not seem to be a major factor in prodycing. the

9

observed- seasonal patterns.

E3

Larval C. stigmatura were found in whitefish throughout the year,

Suggesting that infected intermediate hosts, Gammarus Zacustrzs vere

also available throughout the year. The total abundance of C. stzgmatura

-,

©
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-reached maximum values in winter, as did that of the other parasites in

&

this study. However,' the maximum numbers of adult specimens were found

in spring and early summeﬁ. These observations suggest a basic annuq}

| .
cycle for (. sttgmatura, with the adults reproducing in spring and

the ampliipod intermediate host during the

|

Ithe

summer, larvae developing

warm water period of the summ'r“and reinfection of the whitefigh in

fall. |
The proteocephalids seem_ts\show a similar cycle with matu;ation

in the early sumﬁér; however, reinfection oflthe definitive hosts did not

seem t& take place until late winte£ ;}\farly spring, as indicaﬁed b§ the

h

sudden influx of. immature Proteocephalus plerocércoids).F Most of tbe

Proteocephalus plerocercoids encbuhtered in hitefish wereyprobably .

- immature P. exiguus, and most of those in cisch were probably“immatute

P. ftlicollis, as indicated Sy the peék‘in éacHQSQ*fhese species sho%tly '
after the pgak in pleroceréoids; This'matura;ion ih\gummer appears éo be
a generél rule among proteocephalids, and hés been reSqrted for P. . |
stizostethi“(Conﬁor, 1953), P. amblopiitis (Fisher and frgeman, 1969), P.
filicollis (Hopk{ns; 1959; Chappell, 1969a) and P. pearséi (Tedla and

Fernando; 1969; Cannon, 1973)."' However, most'oflthese other species

_have immatures (plerocercoids) present thpoughéthe year, sometimes (as in

‘P. ambloplitis) in the tissues. Such immatares were J&%'féund {n thisf
study, suggesting that Cbpeppds\ﬁith in{eétivé plerocercoids were
availabie-to the fish until late winter 6} gérly spring.' *

5?%? Several paraéi;es,'such as C. truncatus, C. stigmatura and M.

salmonis in whitefish, and D. sagittata in cisco, showed peak abundances’

in the winter, during the period of coldest tempgratures. ' The pattern
~may be due to a rédqcrion in resistance of the'fisﬁ a;“ibw.téhpératures.‘
7
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_ﬁennedy (1970, 1972) has‘shoyn experimentally that initial establishment
of rv'ary\ophyllaeus laticeps in Leucicus idus and Pomphorhgnchué laevis 1in
Carassius aquratus is higher at low temperatures theh at high temperatures.
After the initial establiShmene, higher tefiperatureg had little effect.
Similarly, Awachie (1972) fdund that more Echinorhynchus»fruttae became
estabiished in S. trutta at low temperatﬁres'than at high temperatures.
The'only case of apparent seasoﬁal segregation of two species
involved the two species of Ergasilus. This may be an adaptive etrateé\r
maximizing the use of the liyited available space on Ehe gill filaments of
the stun@%d c;sco; E. nerkae produced only a single generation a year,
- with maxi;uﬁ_pdpulations and reproduction in late summer. E. auritus, on 'G
the other hand, appeared to prodece two generations per yeaé; the‘major
period of‘reproduction oceuErEﬂ‘inllate.spring, when populations of E.
nerkae were at a minimﬁm. 'Thevsecond period of creproduction was ip-ea;ly
fall partly: overlapping that of E. nerkae; ﬁowever; at this t{ﬁe: the )
two species were essentially on different fish as indicated by the number
?f concufrent infections, which were significantly lessﬁ;hag,expected by

chance.

/ . G. FOOD HABITS

The significént effects of age of the host and“éeaSOns on the v///////.

parasite communities may be due to changes in the food habits of the e

f

™

hosts Therefo:p, the food habits of the common, large fishes/jwﬁi;;figh‘yo

cisco, trout, coho, pike and burbot) wvere: examined.
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Table12. The prevalence, indices of dominance and indices of dlvetalty of ' food in
various’ fish in Cold Lake, Alberts .
. N L 4
] £
PRI - ° gy
. s g - s £ 3
8§ 3 & 8 . @ i R&E.
Food Items N -
Whitefish 4.8 .6 0.013 ,
Cisco o 25 9.1 3.6 33.3 0.14 €
Cyprinid- 1.6 14.3 0.046
Walleye 0.5 0.0001
Sticklebaaks 1.6 4.1 75 34.9 64.3 33.3 2.8
Burbot 3.6 0.012
Sculpin ¢ 28.9 6.7 0.11
Fish 'Eggs . 10.9 5.5 6.7 §.61
TOTAL FISH 12.5 9.6 100 50,9 118.3 80 7.713
Copepoda 40.4 21.54
Mysis relicta 19.9 21.2 0.5 13.3 14.38
Pontoporeta affintis 75.5 €.8 1.6 40.0 15.23
kyallela azteca 12.0 1.5 20.0 5.89
« Gammarus lacustris ©19.9 17.2 0.5 53.3 12.37
TOTAL AMPHIPODS 107.4 )I.S 2.1 113.3 33.49 .
TOTAL CRUSTACEANS 127.3 93.1 2.6 126.6 69.41 °
Ephemeroptera 2.5 11.0" 1.1 6.25
Odonata 0.7 4.3 0.37
Hemiptera 0.5 13.4 0.079 -
Trichopteta 12.8 51.6 6.7 1.98
Coleoptera 6.5 0.0014
Diptera . 54.5 0.7 1.0 0.67
TOTAL INSECTS 70.3 12.4 83.9 6.7 9.35
Sphaeriidae 63.8 2.1 . 6.7 10.84
Planorbidde 0.3 ‘ 0.046 .
~ Physidae TR e T i — TTTTeoTOTTTT T T
TOTAL MOLLUSKS 68.7 2.1 6.7 11.59 :
Nematomorpha 0.5 0.7 0.45°
Glossiphonidae 11.4 0.5 3.6 1.74 \)K
" No. Examined (n)- 497 323 30 288 - -61- - —1]9-
No. with Food 367 146 20 186 28 15
No. Food Items (F) 15 ° 12 2 15 7 10 - " ’
Mean No. Food Items # T2.69 1.25 - 1.0 1.55‘“"“1;25ff‘ 2.6
( +5. E) (+0.06) (40.04) (+0.06) (#0.1) (40.27)
Silplon'l.Index (SI(F)) 5.0 4. 44 }.60 5.24 2.8 - 6.53
Sharinon-Weaver Index (H'(F)) 1.93 . 1.877  0.56 1.94 1.35  2.04
- (E(F)) 0.69 0.60 0.79 0.72 - " 0.64 0.87

N



with others taken in smaller proportions. Whitefish fed primarily on
Fontorcoreta affinis, Diptera (mainly Tendipedidae) and Sphaeriidae;
cisco on copepods, Mii1s relicta and Gammarus lacustris; trent and pike
. fed mainly on fish, particularly sticklebacks; coho on Trichoptera and
sticklebecks; and burbot on 5. lacustris, F. affinis, cisco and
stickiebacks; o
Whitefieh,.eisco, coho and burbot all had»pelatively diveree
diets, as indicated by the number of types of food eonsumed‘(F) and by
the diversity indices SI(F), H'(f) and E(F) (see Table 12 for ‘
abbreviations). In whitefish and burbot this diversity was due to a
diverse diet ‘in innividual fish, as indicated by high values for the mean
number of food 1items (i); in cisco and coho, the iower F values suggest
that individual. fish tend to have nore restricted diets (at least at any
one time)‘ Pike and especially trout had diets with low diversity (low
‘ F, °F, SI(F), and H' (F) values) although the small number of {tems eaten
‘were consumed in fairly even proportions (high E(F) values) There.was

[

no correlation Between,food diversitfy (Table 12) and parasite diversity
LN

(Tabie 4).

As might be expected, there was a relatively low degree of
-=similarity in' diet among these fishes (Figure 10) . Two overlapping
hclusters were apparent, with- whitefish, cisco and burbot forming one
P cluscer, and tr0ut, coho, pike and ‘burbot’ forming .another. The first ",‘ C:ﬁ
'cluster‘appears to be due to the high prevalences of Myazs ‘relicta and
amphipods in the diets of all three fishes. The second,_and particularly
the high similarity between'trout and pike, appears to be due'pn—the.
high prevalence oj;sticklebacks in the diets of those.fishes. 'There_wés

no correlation between similarity in diet and similarity in parasites.

-



Figure 10. Trellis diagram showing percent similarity of diets in
large fishes in Cold Lake, Alberta

¢
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> “One reason ior the lack of correlation betveen.diet and parasites

is that dietary items differ in the number and kinds of parasites they

carry to fishes (Table 13). (Metecninorhynchus galmonis, which are

carrieo by both amphipods and fishes, have been‘allocated to thgse two

. types of oietary itemo'accordinéfto the relati;e flow fates shovo in Figure

23.) The greatest numbers of species of parasites are acquired by

ingestion of‘c0pepods;}direct<attack by free-living larvae, and by

ingestion.of fish. In contrast, toe greatest proportion of individuals

(sum of dominance values) are‘écqoired by ingestion of amphipods. )
Diets may change with ige of the hosts; therefore, the food habits

of whiteftsh age classes II to IX were examined.;% THe percentage of the

fish contalning food varied, but withoui apparont relationship'vith age.

F and ? increased gradually with age (Figure 11). Divoroity, as indicated

by SI(F) gradually increased to agex ass VI, then decreased (Figure 11)

The decreage appeared to be due largely to an increase in prevalence of

P. affinis in the diets of the older fish (Appendix VII) The diversity

of food items (SI(F)) was not corre&ated with the diversity of pa;asites

(SI) in fish of the same age (r =20 .62, t = 1.94, P > 0.10).

BeCause of the significant effec: ~of age on diets, and in order to

try to correlate any patterns in diet with those in the paranites, the

effects of }fasonal changes in diets were examined witliin the same groups

used for analyzing the effects of seasonal changes on porasite
‘communities : | | “

Few Group A whitefish (age classes IV ‘and V) collected‘in March and
April contained food, although most collected from Hay through Septenmer,_;
and almost all collected from October through February, contained food

4

(Figure 12). Sample sizes are small (Appendix VIII), but. F appears to be
. 1 ) .

A
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. ‘:4'5 5
@ Lt )
- : V‘\ N
Table 13. The number of items in.the diet, number of parasite species
.and the sum of dominance indices of food itigg and of ¢ ‘
\ parasite specieg from various sources by thecommunity of
' fish : , . .
Food items . Parasite speciles
Sources of ‘ ‘ ~
parasites T ‘ ‘
o Sum of dominance Sum of dominance
No. indices . No. inq;ces
Active free-living : ‘ » ~
_stage . o= v - _ 9 C 17,42
By ingestion: X
Copepods 1. 21.54. - 10 SO 19.57
.  hwphipods 3 33.49 4., 5 60.58
" Fish - 8  .7.73 .87 2.39
“Molluses - 3 11.59 " [loe

~

_ Others . = 9 26,12 -5 0,17

=1



Figure 11. The diversity (No. food items (F) (-+~----), mean no. food
. items (F) (——), and Simpson's Index (SI(F)) (-———----))
of food in various ages of whitefish. - Vertical bars for F

indicate * standard error. )
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Figure 12. Percent with food in stomach of Group A (=~~=--—) and
Group B (————) whitefish and of cisco (=ememe=)
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higher from May througH/September (overall mean, 2. 9) than from October

/

through February (oyerall mean, 1. 9) (Figure 13) SI(F) varies s,

re 13), from May through September, though, the,food :

considerably (Fi
is consistentl]4# dominated by P. affinis, mendipedids,;and’sphaeriids.
(Appendix Y II), with an overall SI(F) of 4.69; from October through ;
February Mysis rélzcta, G. lacustris and fish eggs join the dominants at
times, the overall.SI(F) being 6.07. ,*~‘

Most of the Group'B whitefish (agesclassee VII and VIII) taken in
y or from Octooer through February containedlfood; only about half of |

‘those taken at other times contained food (Figure 13). Again, sample

. sizes are sma]_l ,éppendix IX«);vboth'? and SI(F) had high values in Play,

¢

/' declined, throngh September, then inqgeased through December (Figure 13).
/
// The prevalence of P afjinze “was high throughout the year (except in
‘{arch), /tendipedids vere prevalent primarily in the summer, and \ '

phaeriids in, ‘Summer and fall; other amphipods, trichopterans, and fish = °

eggs were dominant items at various times, mostly during the winter

N &

/ (Appendix IX)

/ﬁ A;if Almost all of the cisco. (age classes v and V) had fbod in their
T, / . ‘ A \,, v .
stomachs during May, about half cdntained food from June through August,

,)/' virtually none’ in September, moat in October and November, and relatively
S /

few-in Dj;;ﬁﬁer through April (Figure 13) Individual fish contained

2 very few /food items. (F was low and showed little seasonal variation) but.

v

A B
the population had a more’ diverae diet (F, SI(F)) in the aummer _ ;w

€ ecialiy in May and August) and in October' (Figure 13) The dominant v“§§

{tems in the éiet varied, with M. reZLcta more prevalent in; the wf-

;//, mayfliea " amphipods in May, and cOpepods at varions timee, ef

‘{énmer and fall (Appendix X) The high prevalence of copepo..ﬁ

-

sl "v : -,
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9; 74' :
Figuré 13.

¢

Seasonal' dng_rsity (Nbv. food- items _(1-") (=e=e=e- ), mean no.
food items (F) ( ~) , and Simpson's Index (SI(F))
o (mmm—— )) of: food in whitefish and cisco
; r d ¢ ) /’f
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the few cisco containing food in March is noteworthy, as is theflow

o

prevalence of P. affinis throughout the year.
Ninespine sticklebacks were an important'food source for .the
predatory fisges in Cold Lake. ﬁost of the parasiteg/of/atlcklebacks 9
of 13 species) ‘are in a larval‘stage; five of'tnen mature in the predatory
fishes. fﬁese facts»saggest.that sticklebacks are'important'1ntermediate.
and/or tran8port hosts within the Cold Lake ecosystem. Therefore, the

parasite fauna, particularly the larval forms, of ninespine sticklebacks

was investigated with particular reference to parasite transmission
4 e ,

within the ecosystem.
Samples of sticklebacks cpllected by seining in water X to 1 m deep,

by minnow trap set in water 3-4 m deep, or taken from the stomachs of trout

g
KX

or pike differed significantly in sex ratio and size distributien (Figure

AN

' 14). Seined sticklebacks were smaller than those collected by other

means, with a slight preponderance of fenales.‘ Trap§td~sticklebacks wvere

*

larger, with a marked prepondﬁrance of males. Stickleoacka fron the\
stomachs of predatory fish vere also large, but with a narked preponderance
of females. hﬁ. - ;1;;,

" The- parasite faunas of Sticklehacks qollected by various methoda

‘differed markedly (Table 14). Hales, regardless of hov collected were

- more frequently infected than females with the. ttenatode Bunodera

v ZuCtopercae,and those collectedeby seining were leas frequently infected
wiﬂh E. aurttus, T. nodulosus and M. salmonts. These differences were

R partly, but not completely, due to the larger sizesﬁof the femalea

(Figures 15-16). - o

-

Sticklebacka seined in shallow water had a larger proportion

infected with- S. soltdus than did thoae trapped in d‘iper watex. The

-



: . |
Figure 14. The percent distribution of different sizes sticklebacks

. collected by seingng (S5), trapping (M), and recovered from

stomachs of trout (T) and of pike (P)

‘-
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Figure 15. The preyalence of Metechinorhynchus ealmonis in-sticklebacks

of different sizes collected by seining (S), trapping (M), or N
recovered from stomachs of trout (T) and of pike (P)

#

A

.



5160 .

4150

\

;
Yal ° o e
w AR Lo
2 a TSR TIRIES 7 U8 i
+ 7 e, ; , -
. H«.\“Ew\v«w;k&a&.
AN AR
e m P
o
W
» t
o

&
suTP
]

-

.
e

g<3

B
o
@

80 -
60 -
40
20 -
60

404
204

Q3I1234N1 IN3D¥3d, . | -’

LENGTH

3140



. ) .
Y a . AR .

F"igure 16.. The prevalence of Tmaenophorue nodulosus in sticklebacka
- " - of different sizes collected by seining (S), trapping (M), or-
' recovered from stomachs of trout (T\) and of pike (P) : .
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Figure 17, The prevalence of Schistoa_;phalzzs;sdlfz{dus in
o ' of different sizes collected by seining

o

-
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~ trapped sticklebacks had a larger proportioh infected with Gyrodactylus

,sp s D 8pathaceum M salmonts and. E aurttua than did shallow-water

‘.sticklebacks ‘These differences are partly, but not . entirely, due ‘to .

‘the larger fish in the sample of trapped sticklebacks (Figure 14)

'ipzti‘dipedids, and sphae {

In part, they also may - -be due to behavioural changea in sticklebd%ks df 7;
J’infected with S eothuB which move’ into ahallower, warmer waters {iﬁ, -
(Lester, 19719 The presence of SL soltdua was significantly negatively
A'correl%ted with that of Dr spathaceum and M aabnonts (and with that of .
c.. errattcus and T. noduloaus as well) (Table: 15) |

' Sticklebacks taken from the stomachs of trout or pike were
frequently partly digested making it diffieult to tell whether the
' ectoparasiti' monogenean, Gyrodactylns sp.; or the metacercariae of- A.,

..graczlze C erra " 8 Or D. spath eum were resent on niot.. Therefore,.

\‘_

these four species have,not been included in the following analyaes.
‘ Sticklebacks eaten by preda ory fishes resembled those taken by
minnow trap in size (Figure 14), add in having‘a low prevalence,of S,

- \-
.soltdﬁs but high prevalences of E Furmtus aﬂa M. aabnonzs (Table 14)

PN o . l .
-They had higher mean numbers of individuals per fish but lowe indicea

N 'of divereity, than trapped (or sein d) sticklebacka (Thble 14
' Discussion fv'll "':'ff :_i;::_~,-,,_lf -_z” iJLdY{fﬂ.dl- ﬁ.ﬂ' ;:1;;»” fl_

Each species of fieh examined showed a distinct preference for

__.specif c, generally different food items Aa a result, each species haa f“/:
a pecific food ni ne-within the ecobystem.: “',.uﬂ . A .

Whitefishf 24 1n the benthic zone, moatly on P. aff%nas, ;j-"’

These three items also made up the majority

B 5=of their fo in other studies in ldEEE where ciaco were present (Koelz,:;

w
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- Table 15. Concurrent inféétioné between_SchiéfocephalueléoliduSyaﬁd
: _other lat0§$fparasites-in-nihespine sticklebacks .collected - -
by seining, A o

—
s

-+ Schistocephalus solidus

: Number of fish infectgH with:, Present ‘:_Abéehtr}f  Sign1fi¢éﬁdé# 

»pﬁtyluﬁuhveiraticus T :‘~‘ 128 . 'ﬁ§-kﬁég)  f?fi¥’.

' fDip}ostOMum 8p5tﬁaééum ,;:"f_.7‘ -16§f?ly S tFHsf(ﬁég);F"i

- Triaenophorus hodulpaés_'J v';"k;'f,;7 ' T ;] {77;*}57'5 3$ (h§é)  '
Metdehinorhynchus salmonie’ . . 22 . M2 . . Hs (neg) ..

e
C o

.L:ddacari33sp}f, e o 0"Kg;fﬁﬁgf2 ‘ . ~f‘NSL1'Ffﬁ e

S~

Apatéhonig?aqi1¢é‘ ; R  1"fff41‘_: Vg0 ’fﬁSif,*;j7Tf_:j;’"

T HHS, < bt
-Rohlf, 1969). - (NS - not signiffcant. . \.'
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1929; Hart, 1931; Rawson, 1959, 1960; Koshinsky, 1965; Rechahn, 1970);

\in-lakes'where’cisco %ere not'present they also fed eXtensively on
e ' R
"plankton (Bidgood 1973)." The general conclusion hAs “been that their

food habits depend on the availability 6f different items within the food
¢ : , o

'iniche they can occupy )

r

enter {PﬁnigankCOH such as Myseis, amphipods, or aquatic insects Lo

‘ (Pritchard 1931 Dryer and- Beil 1964) : They normally feed in the f .

-

Cisco feed primarily on plankton, or on. organisms that periodically K

. epilimnetic zone. l - L, ey o TR hh

Lake‘trout are limited to cold water, in the summer, they occupy

. the" hypolimmion where they feed mainly on fish mostly cisco. In the b‘jf

spring, with cooler water, they feed mainly on sticklebacka which begin ?l.ﬁ

“to congregate soon after ice break—up, in the shallow water (Roberts,—;: :

1975). In most studies, cisco appear to be the preferred prey (Rawson, e

"1959 1961 MacCrimnon and Skobe, 1970 Martin 1970) but in Lake 'pp_ﬂ' C

l'Ontario alewives (Dymond 1928) and in Lake Superior smelt (Dryeret aZ.,»i

,1965) were of primary importance, suggesting that availability ia a.

major factor 'fﬂ: =""' : ﬁ* ;j..‘} ‘1.' ?"Q,f-f_z"-'

Pike -are mredators which occupybprimarily the littoral zone, p,':;iﬂ-

.,‘

feeding almost exclusively on fish of whatever species are available

| _(Lawler, 196*) IQ Cold Lake they feed largely on sticklebacks . i:ﬁ

ecompeting with trout inuthe spring,,but not ln the summer.g

o The types of food consumed by burbot ilepend On their size, those ""f

‘-.fover 50 cm feed eaclusively on fish of whatever species of fish are i?”fh
l‘;lavailable (Van Oosten and Desson, 1938 Clemens, 1951 thner, 1972),. J:T?H_f.
h l'and those under lé ey feed mainly on invertebrates (Clemens 1951) O
v'-?:Moet of the burbot in my scudies were less than 50 cm and had fed mainly ‘

N B . a1 -
e . - N ZERIERN N A Lo F S AR
ot ,1 T SRR R, B S . . o R
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_ overlapping others only sl&ghtly :Young introduced coho also appear to

" on invert:brﬁ’is, They sharen the benthic zone with whitefish and’ | ‘
‘*cOmpete with them for. P affints and, to 3 lesser extent, other’ - »A.i ',
amphipode. T | >

. B L [N .

Thus each of the larger native fishes has a special foqd niche,

N -
have a separate food niche In. Cold Lake as’ in Lake Michigan (Peck "( ﬂ

¥
and Fe&neII\Ql?i9) or Wisconsin

11974), or various lakes in Cdlorado
(Avery, 1973 McKnight and Serns, 1.'4), young coho fed mainly on insects..l

. However, older coho usually, but not always switch to a diet cOmposed

.-

primarily of fish- In the ocean, fish comprise about 80 percent of their R

»diet (Prakash 1962), in the Great Lakes the larger coho feed principally

h

ﬁon smelt and alewives (Scott and Crossman, 1973) In.Cold Lake,-t o,.;.f‘

£ the 1arger coho (age class III) fed primarily on fish 82 percent of - -:,,L

‘cisco. Thé food niche ‘of the garger coho in Cold Lake, therefore, had

’3;7L have presented .on the proportion of stomachs containing foo depend'

'=upon both the rate of feeding and the rate of digestion.. There appears

those with food in the stOmach had fed on fiah, primarily sticklebacks andf.',

'V'a considerable overlap With thoae trout and pike._ The limited food niche

.for older coho in Cold Lake may have contributed t&’the failure of this

\7._,-

jintroduction

In temperate lakes, temperature has a profound infLuenee on the

x_diet, rate of feeding and rate of digestion of the fish Data, such as ;:‘{xﬁ

r -

”7‘,Ut0»be no informa’ion in the literature on the effect of temperature on ':

A'.h;these rates in the species of fishes I have examined but Brett and Higgs

R

]g(1970) have examined,the effects of temperatune on these rates in i,”\‘f

n";'

'u'fanother coldf&ater fish fingerling sockeye salmon., The situation

"“~appears to-be cdmplicated by temperature compensation in both feeding and

B .
R - C ey :
. . v

e



J L \
| digestion rates, bué primarily the former, at low temperatures -Hovever,
their data would suggest that maximum meal size is reduced at. low

temperature)/and that the average meal would tah: about 33 days to digest'

a

ﬁ_at 1 C about 6 days at: 3 C but less\than l\vey at 15 C or above.

S

Although some whitefish and cisco have food in their‘ptomachs

"l throughout the fear, incorporation of the rates of digestipn indicated

by Brett and Higgs ork Suggests that the rate of feeding is relatively

1

1ow during the peri d of ice cover, that there is a tremendous increase :f=f€.‘

in feedingfafter ibe break—up when temperatures are rising, and that the _

¥

fish are. actively feeding throughout the summer, de8pite the high

pr0portion of emptie(\stomachs.v There appears to be evidence of reduced o
/ L .
feeding prior.to spawning, then increased feeding after spawning._ These

presumed feeding\rates appear to correlate nicely with the observed
numbers of M.'Balmonis 'at least in whitefish$§ Lo L T

i Ve

The absence of any correlation between the diversity of foods and»
: the diversity of parasites is not aurprising, it appears to be due to‘a
dhmbination of three factors.‘ First the individual food items vary
greatly in iﬁbortance as intermediate or transport hosts for parasitea.efb-7?{
'x‘ld Amphipods are obviouely’very important, as are copepods and to a lesser
: ‘-extent fish MolIUScs, insects and mysids appear to be relatively =
unimportant‘l";.féVijl4f:'3;‘Tj;;;jl;{'fef":f*ffféflil:?v :
." Second, some food items that must have been eaten on the basistoix
the parasites/recovered, were not found in the food habit studies.i‘Eor;.tja
example no copepods were found in whitefish but the significant SO

numbers of proteocephalids indicate that copepods must have been eaten.ffgil;ff

Using similar agguments, Collins and Dechtiar (1974) deduced from the .w;:};o'f»f

parasite fauna recqvered from introduced kokanee salmon in Lake Huron ' ;fl .
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s

the kind of food items which'ﬁéght have bgen consumed by the salmon
‘ Third, everi if ‘geveral Species of fishes ingest the same kinds of

larval stages, host specificidy can affect the kinds of parasites ‘which

L. " SR . .
. will develop Gammarus Zacustrts the intermediate host of C- ‘ »

~

stigmatura, vere. eaten in substﬁntial numbers by whitefish cisco, coho

‘ «

and burbot, the first three harboured the nematode, qurbot did not.-

<
A fourth factor may also be involved LarJal parasites may

~b change the behaviour of the infected ihtermediate host so that it becomeS-

‘.susceptible to predators feeding in one way, but not .to those feeding in f
'another way (Holmes and Bethel, 1972 Bethel and Holmes, MS) In that‘o.

5‘way,'two predators feeding on’ the same ineermediate host species could

o

1bé feeding on different parts of the intermediade host s population, and

=

hacquire different parasites _'The data presented earlier on sticklebacks .
-i N ‘ . .

taken by pike and trout indicate that these predators are feeding on a

; selected part of the stickleback population and get different parasites
thanasurface~feeding birds would get There is no evidence however,
that pike feed on ‘a different part of the stickleback P0pulation or, aren~‘ -

Qo

*'p,exposed to different parasites than trout.,



'

2

. + :
) e
.

'; entering the lake it was the only paFasiterfound regularly in both

"parasites were found

~ SN

VI. PARASITES OF COHO .

.

Fing?rling coho- salmon (age class I1), raisqd m eggs. in the* _:

Alberta Goverdhent hatchery at’ Raven Creek\“were introduced experimentally

into Cold Lake Alberta, each spring from 1970 through 1972 T was able, /Y2

]

to study their parasites in 1971 when they ‘were introduced in late June,

and in 1972 when they were introduced in late April Samples of

fingerlings (57 in 1971 23 in 1972 for a total of 80) were examined for i

metazoan'parasites at the time of their release into Cold Lake' no
N oL

f . . Y

Very few parasites were found regularly in coho during their first
summer in the lake'ea few others were found sporadically (Table 16)

More species (10) were encountered in the class II coho in 1972 than in

1971- (6), as might be expected from heir longer residence in the lake.;jf[:"

However the mean number of individual per infected fish did not differ

L
significantly between years, and the mean. number of speciea per fish was
significantly less m 1972 than in 1971 (Table 16) |

Almost all coho examined were infeeted with M salmonts soon after

/

3

.years Populations of M. saZmonts in the yOung coho appeared to be

/

fairlyrsimilar in the two years through August but were markedly higher

in September and October o£ 1972 reflecting the considerably largér size

e

f of the fish taken in those periods (Table 17), many of which were large

precocious males.v :"_fprf'.l3[_lf.; *'Af - +~lﬁ‘3fﬂ$[ﬁjf”:} -?c-"*?--fv,xlm"'"

‘. - .41,’
e

The two species of Ergasrlus were abundant in youq‘ coﬁb in 1971

:‘f: but relatively soarce in 1972 (Table 16), accounting for the difference

. e



N . T
Table 16. Comparison of the prevalehce and mean intensity (im ° j .
' - parentheses) of parasites acquired by coho salmon of age
class 11 ’

/ ) - . . ~/ Co

[

' ! N . s ) o e ) o n /,’ B
~~\ " 'Parasites '}} - o 1971. . 1972
VA e T e ;_¥': T . iv“  .

Crepidostomum farionus T . 4.6 (4.0)° . 48 (D) ..
L5 (113)

.o

Duphylldgothéiﬁm ap. X% * . J',‘_T o
 Bubothrium spp.* Lo 2 @3y
Proteccephalus spp.* . . - 07 a:év'k7'1), 1

_T%iaeﬁppﬁorﬁs,néﬁulosﬁs** | ;5‘.(2;6) e - 4;1“ (1 l)

gftechindrhyﬁéhus éaZmonfél S (.100 (37.5) o 98 6 (65 2)

Pbmphorhynchua bulbocollt* . >  "9,2 ,(2}5):‘ | _ (1 0)

. Neoe nznorhynchus strzgosum*' a0 B 1'; 1:4 1(3.0) ‘;fﬂ

| Ergasilus aurmtue_ R ‘fff“' 36E9f ‘4;9)t_"v’A fj;6 j(5_5); ;J.--'

,nczszlus‘nerkae..f‘ . ‘;f., . ’ ]-f.b;93;§,(3é:05];;j'_;i6r6ﬂji720);' ’
’No{ examihedf‘(n)-. e jGSf_jﬁw{ff;,j.7;1454'f""
spp- © o ,1?15:';“f5?6f5;f}"'“‘7 ;;iv'1¢ﬁf e

nMean no. spp. (S):fgﬁlu e  411;. C2.45 i‘* :f?fv;5l.
LS T (+o 09 T (0

',:Mban no. ind per 1nfected host (N) 75 4 ‘ ';?3,V=66:6‘Y "
(+ S E ) Ly S (+5 45) : ”  (+6 65)

| 1Excluding a total of. 80 coho examined 1n both years before
freleasing, all vere negative e S . :

.l

-»-*Immature..v: S
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/

. : b C,
in S between years. For E. nerkae, the decrease in 1972 paralleled a

Asindﬂar reduction in th&zjopulation of this parasite in cisco, ‘but the
population of E. gurztys in cisco did not decrease in 1972 (Table 11)‘
At least in 1971, E. nerkae ?ppeared-later,.and reached peak .
populations later, than Et auritug (Table 17). This seasonal pattern'is.
similar to that in.cisco .

/ Relatively small nunbe;s of overwintered age class III coho were

recaptured, mainly in the fall when they returned to spawn in the Medley

<
E

River. In general, these overwintered cohO'harboured more individuals -
of more speciesiof parasites than did the younger coho (Table 18),
| including substantial populations of two species, C‘ stiQMatura and .

p. agubernaoulum, not encountered in the class 11 coho. Only E. nerkae

/"
™

- was significantly more abundant in the youngpr coho As in the youngfr_ O

coho, thelir parasLte fauna was dominated_by M. salmonﬁs; : | f ’
Overwintered coho captured'in 1971-had signifiesntly-higher § and

N than those captured in‘§972 or 1973 (Table 19) The mean intensity of

M. salmonzs in 1971 was. almost double that in 1972 or 1973, the same

-pattern was seen in cisco but not(in whitefish (Table'il) The two :

;ergasilids were abundant in 1971 but sporadic or ab;int in the oth?r 5

two years. E nerkae showed the sa@e pattern in other hoSts, but E

aurttus (inukisco) did not Of the other species which showed imilar

““decreasing populations over the three years, the decrease in C.

» o

'sttgmatura was nOteworthy, gince populations of thst parasite-in‘qh've:
" ’. R '» -,‘ \ ,‘ '_ .

fish inereased over’the'same_period!(Table'll); '
The general - food habits,of'coho;were~cbveredlesrlier (section’v,;
C). Because of the major differences in the parssite faunAS"of cohod»h~

taken in different years, or of different ages, the diets of: these groups .

- . : . . L .
e N . . - . ¢ B N . . . -
. ) - v . - - . .
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_Table 18. The prevalence and mean intensity (in parentheses) of
parasites acquired by coho salmon of age classes 1I and III

Age ciasé
. ~P§rasites ) o o I I
Discocoty'zé' sagittata - . ' 0 | 1.3 l' (1.0) -
Crepidos tomun far;oms ' . 4.8 (2.0) 144 (2.3)
Cyathocephalus(%runcatus _ ._\ . 1 f 0 B E 2u6i (1ﬂ0).
| Diphyllobqthrium sp.** | . o i 3.8: (L.4) . - _.7.7 1.7),
Eubothrium.sp§.§' | T.' y._, o ; ijé (2;3) i ' ml;é (12.0)
Proteocephalus spp.* ‘7;., - 3'3 (7.1)-49/_.; 2.6 (l9f0) |
Triaeﬁophqrus néduZosus** : . } 3 (1. 3) ' " 1;3 .(2.0)"j'
Cystidicola'stigﬁatura o » . \\5/0 S ;.'1514 /(3.1)
_'.. Phi Lonema agubernacdlum ;;ﬁ)' ‘ 7(¢f/ 0 . o .:'56.4 (19 3).
Matoehﬁlnorhynéhus sa'zmom‘s | 1 8 ‘(57,'_-.5‘)"" ,\". 100 (532 .9)
Pomphoriynchus bulbocollix - - 3.8 (2.3) T IL.S @
Neoechznorhynchus strtgosum*_.' o a_ Al.O.”(g;Of' ~,'“_1‘Q | '
Ergaszlus quritus _ o | 16.7 (5;1)- o lﬁ,Z {io;d)
..Ergasilus nerkde . _' L | _ 4Q.5i(2§:2):"i ' '30;8i(26-7)‘
No.,exé@iheé (n’ . .. e '.‘f 510‘"> f:L ". l. 7#‘_  -
.No._s‘p.p..‘ (s) s :."1,0_ 3 o ) 153_’_
Mean no. sﬁp.z(g):i>. B  _‘ ~ 1,79 -  >- .':2;65 '
| ,(t- S.E.) o L Gj' '('+o 06)" o .a «(10_17)‘.' |
_ Mean no. ind. per infected host ) 0 68 1 :':‘* , '555.7" » .
,(+ S E ) ' o -_ ;_' (+4 88) (*44 44)_1 .
, L S R ‘ R . {

*Immature.’

: *ﬁLéfval.'
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Table 19. Comparison of the prevalence and. mean intensity (in
parentheses) of ‘parasites acquired by 3-year old coho'.
recovered in various years _ e

parasg?§§ o S - 1972 . 1973

Discocotyle s ittatd_ ‘ 3.9 (1.0) 0 : .1 ‘ 0
Crepidoétémum“farz nie - 30.7 (2.0) ‘737 (2.0). *L2.6  (6.0)i
Cyathocephalus truncatus 0 0 s (i,d)
Diphyllobothrium sp.*% - '15.4 (1.8) ~ O ,- 9 1.7).
Bubothrium spp.* . JA - 3.9‘(L2.0)1 K ,0'1_. | o'-
PPEteoéepthusfspp.* . 0 | -. »O o . .5.1 (19.0)"

_ Triaeﬁbphorusvnddulosus *k o. - o0 2.6 (2:0)

Gystidicola stignatura . 30.8 (3.3) 231 (@.7) 5.1 (2.5)

Philohema agubernaculum 69.2 (37.6)  46.2 (2.0) 59.0 (9.7)
MéteéhinoghynchusJsaanonis 200 (782.6) 100 (604.4) iooA (ao7}9)-"
;poﬁphgphynchus bulbocolli* - ‘23.%;-(111)‘ ,_ 15.4° a. 5)l -"2.6 (zioj a
Ergasilus muritus . 46.2 9.8) .7.7 (13.0):.",'0 |
Ergasiius ﬁe;kag C e :}f. 92.3 (26;75} ‘-,07  f:lkE’:  0
No. éxamiped ) 26 - '-»: ' 13_.: 711 " 1‘39:; -
No.iépp{;(S) , ,fiﬂ i  _'~~ 10‘-' :4‘ . . 76 “  _::l ?:i'9:; .

2

fMean no. spp' ) - - 415 ST 4 .
DR R B

o2
(¢, S.E. ) e Ei (£0.29) - . . (20,2

Mean no. ind. “per infected:‘, 842;4." R ”'569.3 o ': 414}l'" o
fish (N): (fs E.D) . Kiﬁg'a) o (+94 l) - (#37.4) -

; *Immature; - -

**Larval.
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nere.examined in more detail, huch of the.following informationvcomes
from Roberts (1975), who studied the food of the‘coho I examined for
\parasites. | | | R

| The major difference in the diets of the age class II coho between'

1971 and 1972 appeared to be that a larger proportion had fed on fish
and a much 1ower proportion had fed on insects in 1972 (Table 20) Older
coho (age class III) fed even/more extensizely on fish (Table 20) . Both
features appea; to be a function of sizeT’Roberts (1975) analyzed the_.'. .
diets of class II coho by size (as measured by fork length), and found a .
decreasing dependence on invertebrates ahd an increasing dependence on

. fish as the. coho increased in size. | | | |

. . . Vv

DISCUSSIQN .

When fish introduced into a new‘environment have.been raieed from
eggs in a hatchery, such as the coho were, they do not transfer ‘ |
. parasites characteristic of their native environment, although they may ,'-f
N ’ transfer new parasites, particularly protozoans or ectoparasites, acquired
in the hatchery (Ivasik Kulakovakaya and VOrona, 1969 Malmberg, 1972 'h;\
Wootten, 1972) None of the coho examined before release had observable )
infections, suggesting that.no new’ metazoan parasites, at least were |

‘ rod-uced-. However, the very small numbers of P. agubernaculwn in cisco "

:- - 1 did not appear ‘to be sufficient to produce the heavy infection: in over-:' -

wintered coho, suggesting the pos;ibility that P agubernacuzum may have .

been introduced in a cryptic early migratory stage, with the coho. e;: .:S\Tfi
The young COho introduced into C°1d Lak‘ fed V180rously on insects,i,‘n§

then.later on fish especially ninespine sticklebacks, the latter are a



LT

cotagerclass. oo w0

.

Table 20. The prevalence of food in 1971 and 1972 nge class 'IT ¢ ha, age
v claﬂs IT .coho of both years, and age class }II coho _ SR

RGN
1971 1972 " Combined yeadd
s s S : S ¢ s S

103

Whitefish | | 0 83 s v o
Clsco . - : e 4 ‘-1}9 | —,. - 2{5 | 46.4
Cyprinids . . ,fO 1;9')7* S O } ‘..3.6
Walleye s 0 1.0 . “0.6. 0 .
“Stickleback - .30 . 38.0 - 35.4 RS PR
Total Fish S M sl L 455 gl
‘Mysis relicta , . . . 2 B A
0.6 0
120 7.
L8 T

Pontoporeia affinis o2 .
,&mmmmslmmsmns '-;'j 2
Total Amphipods ‘ b

o O ©o oo

Tota} Crustaceans -
o -

Ephemeroptera | o , ST S
~Odohata . ':_‘. R Co16 0 o .,}_g 11‘ '&l'fd"
Hemipterg - ' B R ’; _;~'10.7“
‘Trichoptera | S 54,6 -:fA 60 8“" '" 7.1

‘ Coléobte:a v o w"}“ 22§: 7" 0' vg; 'ﬂ; : ” ‘5;9J e, 1

" Diptera . : ,I',’ 18 ‘2,8 03} f“ﬁ'  '7;5A ;‘:.'-O.j A
. Total Insects | ‘1_ _  134'1‘-_ 57,4:". - »Sliiﬂ'f ’ J§2-0;::“"'A

=
© o
=

Gloss.iphqnidaﬁ o 0 o 1.0 0.6 0
 No. examined () . 65 . s - . 20 7
No. with: food ",.;'[ ”;"\  5Q; »"“IQB";J ,F   . 158.7 j ':\28;

| No. food items (S(M) . 10 8 oo g
- Mean no. f00d {ybms (S(F)) 2.3 j;'.jl 2" "~x,‘  . 1 5: - ; 11

(+S D ) T s e o : (+0 14) (-!-0 Qé) v (+o 07) (+0.08) -




' "'important factor :’L

A

; ‘vigorous feeding by coho, it is probably a reflection of the behaviour

£

;infection with ergasilids “",y"f

"the [nrasite community was similarly dominated by those characteristic '

"transport host for. M. sabnom's‘. The high prevalence and mean intensj.ty

»

of M. saZmonzo, and differences in these parameters in different years or, ’;

[E%

‘age classes, were directly due to this vigorous feeding on sticklebacks

r'In contrast kokanee (Oncorhynchus nerka) introduced into Lake Huron, -

(Collins, 1971), ‘had. much lower intensities of M salmonts (Collins and

) Dechtiar, 3574) than did the coho in my study.

; However, the high intensity of ergasilids could not be due to -

" of the young coho which feed extensively in the upper suréace waters of

r - x,
the lake in the early evening (Roberts, 1975) The recovery of large

»

-
L

this observation of preference fOr the upper surface.- This preference

;vcombined with the tendency of the nauplii of E?gaszlus spp. to move to

© the surface at night (Bauer, 1959), produced a high potential for

e
4 ..

A greater number of parasite species were recovered from coho ‘t

introduced in April 1972 than those introduced in June, 1971 further,
E |

not overwintered, suggesting that the length of residence was an

N h: . . .
Salmonid fish dominated the community of fish in Cold Lake aﬂd

~;:of salmonid fish The parasites acquired by the introduced coho reflected

-that situation Il of the 14 species were primarily parasites of salmonids.:(

-

M'h_‘and E nerkae all parasites of salmonids. 0n1y three parasite species

RN
v’

' which fed mainly on invertebrates and did not prey on other fishes *,ri:"

t’numbers of aerial insects from the stomachs of coho further strengthened :

'°Ver“1“tered °°h° acquired more parﬂsite SpecieS‘than those ﬁhich had HQ-':7

-,fThe most %bundant parasites were P. agubernaculum, M. 8almonte E- aurttua' h,l.



[

3 Reservoir, Colorado. Both bodies of water have a. fairly large number’ of

A

| Proteocephalus Sp., which cannot be allocated to ‘a particular host group)

' largemouth bass Microp

R SRR '1105._ .

(T. nodulosus P. bulbocoléi and N. strzgosum) were acquii!d from non-

salmonid fish and of these, only P‘\bulbocaZTtIWQs reasonablv\abundant.
There appear to be only two other reports of parasites in B

introduced coho. Klein and Fennel (1969) recovered only two. species of
VAR

_ parasites (Crepzdostomum f&rronzs a. parasite of salmog%fs, and

in 3 of 103 individual coho from Parvin Lake, and_none from Granby
~ s

| 3 species of salmonid fishes (mostly introduced) but only in PiEVin Lake ?:

J .
] . - .

did salmonid fishes, mainly rainbow grout and splake (SaZveZinus
fbntenalzs x 8. namaycush hybridr, dominate the comﬁunity

Becker and Brunson (1968) reported plerocercoids of Proteocephalus

ambloplptis in 9 of 243 young coho but none of 20 two-year old coho , .“

e

planted in Goodwin Lake1 Washington, which has a resident population of

erus saZmozdes.ﬁ They did not mention any other

[}
U e

paresites.

' Kokanee were introduced into Lake Huron, which has a predominantly

h non~salmonid fish community (Bangham, 1955 Collins and Dechtiar, 1974)

A large proportion of non—salmonid fishes were gill*netted along with

the introduced kokanee suggesting a close association (COIIins snd

S Dechtiar. 1974) Only 8 out of 18 parasite species recovered from the‘f{f

9!' l .

kokanee were salmonid fish parasites. However, a large proportion were rffiff»

infected with infected with.ke salmonzs, Ebhtnorhynchus Zezdyz and C..

= stzgmutura, all of which were commonly found in salmonid fishesr,,‘j{fppv;;;j;g;

wootten (1973) examined rainbow trout and brown trout introduced

“a as” adults into Henningfield Reservoig, Eesex, which had no salmonid fish_;llﬁi:i

They harboured 11 and 13 parasite species respectively, including

Ce o
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L D sagtttata and Eubothrcum crassum, salmonid parasites which were

probably introduCed with "e»trout. Most of the parasites acquired were .

rias

"t ectoparasites or larval parasites which culminated their life cycle in

.

'piscivorous birds Very few endOparasites were acquired._

Some of the parasite ‘acquired by coho are known - to. be pathogenic

- to other hosts : Heavy infections of E. salvelini_ apparently have no

)

L . _
"effect on lake trout but small numbers of young tapeworms were found to

.have detrimental effects on growth and swimming performance in infected
»njuvenile 80 keye salmon (0 nerka) which resulted in an. increased

'suscentfﬁi{ity to predators (émith 1973) The parasite is primarily one;
'-j.of fry or smolt in sockeye salmon (Boyce, 1974 Smith 1973), snd Boyce '

[

“~shdwed that suSceptibility to infection decreased rapidly as the young
Salmon grewr No evidenceabf damage wasg found in the few coho infected
with Eubothmum plerocercoids. The coho mayl have already grown past the.-"
stage ggst susceptible to infection when introduced ”

. In brown trout infected with Fors truncatus, thg mucosal layer of -
.'5infected pyloric caeca was destroyed with fibrous tissues formed‘a;’the\ o
‘.:: site of attachment in older infections, this reaction caused the fusion e

' of neighbouring pyloric caeca (Awachie,‘1966J Halvorsen and Macdonald
‘»l:1972) Such thickened fibrous tissues were observed in heavily infected |
fwhitefish but few coho were. infected with C truncatus and no ';t:.kffjffi;;
& :.observations were made on’ the possible effects on the new host..i.?t:yigeffdt;

Infection of Ergaszlus on’ the gill filaments may cause a strong

Hﬂ:freaCtion from the host resulting in the destruction of the gill |

LT mtr <

’.;epithelium and a fusion of gill lamellae (Bauer, 1959 Kabata, 1970
:fRogers, 1969) Einszporn—Orecka (1970) shpwed that zmnca ttnca infected

";fjwith E. steboldt had 8- general low blood protein and a decrease in ';ﬂ;;.u{-f
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5

‘ erythrocytes which could cause anaemia He considered that heavy

: infections with E. scebold@ could cause the death of fishes.

»

",'P' agubernacu

f?in part to the heavy infections withathese parasites. f::

' No visible reaction was observed in coho heavily infected with .
E. aurztus and E nerkae. However, no histological examinati%n of the :

infected regions werefmade

Simon and SimOn (1936) observed SOme pathological changes ) f}ihx--‘{

particularly iﬁ.the gonads, in mountain whitefish eastern brown trout§\“\§

and rainbow trout infected with P. agubernaculum‘, In heavily infected

, .

o coho, large numbers of -P. agubernaculum were found between the pyloric |

caeca and were accompanied by thread-like adhesions between adjacent 3

pyloric caeca or to the coelomic wall

Although nd histological sections of intestines heavily infectednh5]’;

b‘ywith M._salmonts were examined there was’ an obvious tissue thickening f.:’
. at the site of proboscis attachmeqt in the posterior region of heavily R

'.b"'infected whitefish. | The heavy infection of M.v salmanw in coho might

e .1 ! . . S

;_cause some host reaction

-

.

‘In vie’ the fact that infections of E. salvelznt C truncatus, L
Z

M.-salmonts, E aurttus and E. nerkae do cause ﬂ'-{ﬁf

?ijpathological reactions in other hosts, these same species, psrticularly
‘-Jl{ the 1ast f~gr which infected coho heavily (at least in some years), could fh“

o -iﬁfzhave had some detrimental effects on the introduced coho\:yihe lacbtof

N

| g success of the introduction of coho into Cold Lake might have been due

a—

e



" shu .

'-'section

VII. THE BIOLOGY OF METECHINORHYNCHUS SALMONIS

It is obvious that the patterns in the parasite communities ‘were
'set by the dominant parasites, essentially those of salnpnid fishes, and,,
A partiCularly M. saZmoan, the- most dominant parasite., Since M aalmonts f

' exerted such a strong influence on the parasite communities, it deserves'

>

.Special attention, its biology is examined 1n greater detail in this

At least some individuals of each species of fish examined in the

vpresent study were infected with high prevalences in whitefish lake

trout, coho longnose sucker pike and burbot' stickleback and white-
r

fsucker had the 1owest prevalence (Table 21) Lake trout (with a mean
‘intensity of 421) and three—year old coho (533), two predators, had very

, high mean numbersof individuals, ninespine sticklebacks had the 1east

(l 8)

-

Female M. saZmonzs were arbitrarily assigned to one of three flf*.

,}stages of maturation as described by Tedls snd Fernando (1970)

b

'{; l) females with ovarian balls predominant, 2) females with non—shelled

‘1ﬁdehydr vion in glacial acetic acid and clearing in creosote (Chubb,

acanthors predominant and 3) females with shelled acanthops predominantv-f'n

*f(gravid) in the body cavity. Unfixed female acanthocephslans were e

: g‘f -

.:V‘.~‘,.‘ .$....,t

ahid femsles comprised a large pr0portion (about soz) of thejleli Ea
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e :
- (10- 25%) in other salmgnids,‘and a very small proportion (less than 32)

-

in pike and burbot (Table 21) The majorfty of‘the worms in-pikeaand

burbot, and all of those recovered from walleye, stickleback whitesucker .
and longnose sucker showed some growth but otherwise little change from

excysted cystacanths _ ! o | “ S B o ’

| The distribution of M. saZmonte within the: gut‘of the fish was .
examiqed in all fish%taken after MAy, 1973 At necropsy, the intestine |
gwas divided into ten pections of equal length,,and the number of parasites '

in each section was determined i
L

* 2l
e

The distrihutions of M. sabnonts in the fishes examined are shown '»x
in Figure 18 In whitefish the acanthocephalans were concentrated at
" the anteﬁior end where they were found mainly in the pyloric caeca.

. However, a higher proportion of those in the posterisr end werdlggavid

'V;females, so. that almost equal proportions of the gravid females Were

- in’ the posterior region. In lake trout, the acanthocephalans, and

- found in the anterior and posterior regions. In cisco, approximately
qual numbers of acanthocephalsns were found in the anterior (pyloric

"caeca) and posterior regions but the gravid females were predominately

o 'particularly the gravid femsles were virtually limited to the poster o “

f;'third of the inteatine. In coho, the acanthocephalans, including thei;f'“

"‘;gravid females were fOund throughout the intestine, but peak numberd‘ L
ks . : ER

.:f‘efwere in the posterioF region._ In pike, the acanthocephalans were

~1fdistributed fairly evenly throughout the posterior half of the intestine, /0

.h;lbut both the two gravid females vere’ found in the mid-intestine.

A

,"f‘sfn burbot they were widely dispersed with most of the worms in the anterior

,[half of the intestine, alt".ugh most”of the gravid fémales were in the ifjft.'f

, x*, R ks L T
~1posterior half ‘f S c’;j-'” Lot .,yl, S



Figure 18.- Intra—intestinal distribution of Meteahmorhynchus salmome
: _ (as percentage of total” number (—————~——9) and. gravid

v

s female M. salmonis (as-percentage of ;otal number (“""---))vfu_;”-

in fishes from Cold Lake Alberta RN
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t“dre was no significant variation in the mean intensity of gravid
e '
femalps"among these age classes (overall mean, 11 # 0. 74).

h

t -,

‘ The intraintestinal distribution of the M, saZmonts changed with
,age, gradually shifting from a pattern with a high peak at the posterior
region of the gut (essentially similar to the pattern in cisco) in young
whitefish-to onezwith a high peak in the anterior region of the intestine.
-in the old whitefishanigure 20) « Although the_proportion.ofgthe;hbm

'acanthocephalans in the posterior'307 of the intestine-declined with age,

s M\

]

the mean number of acanthocephalans in that portion of the intestine .
did not vary significantly in age classea IV through IX The shift in '
distribution was due to the establishment of additional acanthocephalans
"in the anterior . part of the intestine, and suggested that availability of
'f'space,.particularly the size. of the opening and the length of the pyloric;:
caeca, was imgortant for attachment.f..fv o | |

N

The patterns of distribution of gravid female M

.Asimilar to those of the total acanthocephalans, with a h{gh peak at the 3%
i _posterior region of the intestine in young whitefiah and a high peak at ;i
| Athe anterior region of the intestine in old’whitefish (Figu;e 21) c
‘mean numbers of gravid female acanthocephalans in the llst 301 of the

intestineodid not vary signifiCantly in age classes IV through IX but l‘

the number in the anterior 3OZ did increase significantly. These

7o : . R

2



F}igur‘e’ ‘19 The abundance (—-———--) and maturation (mmmm————) 6f :

. to IX

Metechinorhynchue - salnwms in whitefish of age classes II '. 7 |
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Figurﬁ'fé'o;, Distribution of Metechmorhynchua salmom.s 1n the intestine
' ' of lake whitefish of age classes II, IV, VI and IX.
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Figure 21, Distribution of gravid female Meteahmorhynchus ealmams N
- in the intestine of lake whitefish of “dge classes II IV, i
VI 8nd IX . . , SN
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observations suggested that the acanthocephalans did not move down the .

. intestine for maturation, as suggested earlier by Awachie (1966a) and

Tedla and Fernando (1970)

.

.The;seasonal,patterns of abundance of M. salmonis have been
. .o . ) . M WL
Ny

presented earlier. In brief,-peak.abundancesfwere'reached”in earlvf.

'+ winter in both groups of whitefish and in cisco. Group B whitefish

.'showed a second late summer, peak which was less obvious in the Group B

A whitefish- and absent in cisco.‘ﬁi

o Gravid female M saZmonts were found in the intestine throughout
l

'-the year. In whitefish there was no - obvious seasonal pattern in the v_“_ f
_ proportion of gravid females in the population (F18“re 22), rather, the 'iylf

percent gravid females showed a general inverse relationship to the

8 :total number of acanthocephalans in the same samples (Group A whitefish.'f',uf

"‘ﬂtz gravid females in whitefish and trout, which aleo harboured significant éf,tf‘

0 55 t a2, 06 P < 0 l Group B whitefiah = -0 64 t - 2 6&

_nP < 0 05).-‘The numbers of gravid females did not vary significantly

' ‘among months In cisco, neither the percentage of gravid females nor

‘o -

w2

_lthe number of gravid females varied significantly among months.lgfﬂf‘fif ;l;i'

The preceding analyses sugsest that the maturati n of fem41e M.'{:;”'“
Salmonts is. affeCtEd by the number of acanthocephalans present and the

age (or, more probably, the size) of the fish and that the effects of '

theseLfacrgzgﬂgiffe;”amang*species*of—hostT’_TE"lower percentagee of

‘numbers of mature cestodes,_than in cisco and coho, which had.few (or pifv”
| f‘small,immature) cestodes, suggest that the number of cestodes also may

'hﬂ7be affecting maturation...Consequently, data on 1ndividual fiﬂh‘Of each °f

: ,’Jmithese four speciea of salmonids were examined to determine the’relationrhvla“:

/....



Sl
v R

- ‘maturation. (-=--~--=) of Metechinorhynchus _gd'hnbnia},:i_n"’i 5
© whitefish and'eisco. - . ool

' Viiv‘i_‘gufe'-ZZ.. f'"Sea_a'onal"lpa'ttez‘_n's,"in .:t'he:#buﬁdgnce (______) and
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':5fand accounted for only 6 1z of the variance (P < 0 001)

females (G) and by the percentage of gravid females (PG))and the’ total
" number of acanthocephalans (A), the number of cestodes (C), and the)size
_;of the host (measured by fork length (FL) in trout by the length,of |
intestine (IL) in the others} . ' "t'h - '
In whitefish all variables were significantly interrelated

(Table-22) The number of gravid females (Gw) was positively related to

- all three independent variables. However, the stepwise multiple '
.iregression analysis indicated that the number of acanthocephalans waa

'the most important independent variable that the length of intestine alsoi
H;explained a significant amount of the variance but that the number of

‘cestodes did not (Table 23) The multiple!regression equation is‘h:”;xf."‘

O . —

" "Gw'f= :o;ofls,'~'-'+ '.Q..Olssi\';;f%,d:bs_lrﬁ-‘;. S

'which accounted for ll 22 of the variance (P < 0 001) ‘
The percent of gravid females in whitefish (PGw) was negatively

.related to the other variables (Table 22) but only the number of

H

acanthocephalans explained a significant amount of the variance (Table =

1p235}; The regression equation is'*dh?mbf-""

RS 1 .

Av/.v

In cisco, there were no aignificant relationships betweenithe

:g-number of acanthocephalans, the number of cestodes,‘and the lengthfoffthe;j{i;ﬁ'

o .intestine. The number of gravid females (Gc) was posiz

.'i”jvariance (Table 23) The number of acanthocephal



BT
C 124

~Table 22. . Correlation coefficients between vakiables} values above the
: diagonal are for numbers of gravid females, those below. the
diagonal for percent of gravid femalés. The symbols are
explained in the text -~ . 7 '

T
——

.. Wnirefish . .  Cisco B
L. (n=379) 7 T (m396) .
: LS c- . IL . - PG - A . .~ c 1L -

© = oam’ oaw o — 0,86k -0,05 0,134
e ;-‘ 0.59%% b§4?**:; -5-61V B f?o;01;j ol67 |
G -0.16% lnogsgf* =  .6.24*? -g.10n i~;0.61;1 = o2
COW 010k 0w o S oises 007 oy —_

T -

CoTrout T S
Sle=ll) e
BG A C LR v

G = 054 019 0.48 -

A- vf0;é5;j 10.37 4416;63}f

< fq;jslw

FL 018 |

o Coho o
. . (n=36),
B 1

w005
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Table 23, The percent of the yariance in the numbei: of ‘gra'vid females
and -the percentage of grarvid females which are e.xplained by
t:he independent variables in the atepwise mltiple regression

. . N : - .

© Variable ' Whitefish  Ciseco  Trout  Coho

' Number of'gfaQid feﬁalés(d)f | |
1w/sL N  . I "_\5'<‘, 1f2£~f:: ; 0.5*;f"'fi?Q;5 f;'-4j4%*;iJ'"
Petcent of gravid females®0)

e e

.Tp<o 10 e M e Ty
e P<0: 05 :' _ . e Lol
%k P00 R -#“‘r._~ Lo

".;jff*;.p<o 0oL,

e SR o
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important independent variable, explaining almost three-fourths of the:

.

variance. The multiple regression equation is//.

¢ = -3.643 + 0.311A_C + 0.0351L,
/.. which accounted for 73.6% of the variance”(P < 0, 001)

The percent of gravid females in cisco (PGC) was significantly

w0

negatively related to the number of cestodes and significantly positively

- related to the length of the intestine (Table 22) The length of

-

intestine explained a significant amoun} oﬁ variance and the variance
eXplained by the numberbdf cestodes‘yas of borderline significance

(P < 0.1). The regression equation 1s:

| 8
PGG -1 396 +0. 4321Lc - 0.318¢C,

but'it accounted'EOr only 2~3Zdof the varience (P'<'O‘ﬁbl)':‘
CIn lake trout the correlation coefficients between each pair of

variables (except C and FL) were relatively high, but not statistically

e

significant probably due ‘to the very small sample size (Table 22) /&bg..;{t}
number of graVid females (GT) Was poaitively related to a11 three S
independent variables ) The stepwise multiple regression analysis
indicated that the number of acanthocephalans wa7 the most impottant é}p,

independent variable, though not statistically significant, and that the v

Co ‘other variablea were of 1ittle importance (Table 23) The regression

eqﬂation 15,
'?iffGT{‘f3é555??.deﬁsgkif}f5ff
. which accounted for 9% of the vartamee & < 0.0

SR e s Ty e e LT
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‘The percent of gravid females ii_troat (PGT) was negatively
‘related to the numbers of acanthocephalans and of cestodes but
gpositively related to the size of the fish (Table 22) Each variable
:explained a proportion of. the variance greater than proportions that 'f
:were significant in ‘other analyses but, probably because of the small

| sample size, none were statistically significant (Table 23) The

: regression equation is N ‘
| o ST
PGy = -6;353,—,oiq75cT¢+*o;06FLT.— o;ozAT;

S

it accounted for- 27 3% of the variance but was notastatistically

-

-ﬂmﬁumt@>01)"f'”f‘?',j?'ﬁgy;f*'

oL -
In coho, the number of cestodes was very emsllv 80 that variable o

P

was not included in thié‘analysis. pThe number of gravid females was't;A

'posi%;vely related to the total number of acanthocephalans, which was

posit‘Vely related to, the length of intestine'(Tab 22)1 Ihe stepwise

multiple regression analysis indicated that the number of acantho- B

¥

’ cephalans was the most imﬁortant independent variable, explaining over er R

T PR

”Atwo thirds of the variance, ‘and that the length of intestine also fr:"
%explained a. significant amount of the variance, but was negatively ;‘”l

. related to the number of gravid femeles (Table 23) Th?wmultip;er '-vi,
-regression equation is. f" »-'-;;‘ o r E f»p.g 5 :.} : é'_‘{‘ﬁ R

G IR ‘AGs‘ - 14-..'99 +-9~'4~3\2A_s .‘-t0?-7_4}7”11?y”‘

§ ‘ e A‘ . T .. R {_')

e

v"’,,and accounted for 73 6% of the variance (P < 0 001)
The percent of gravid females in coho (PGS) was: not significantly Lo

“k related t%ﬂﬁhe other variables (Table 22) Neither the number of

d‘x b
canthocephalans nor the length of intestine explained a significant .

o \‘4“

o L PR . C Lot . :
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" amount of the variance._'Together,’they ohly accounted for 7;82iof the

v
variance (P > 0.1)..

; o - DISCUSSION -
There are-several apperent reasoné for?theidominant‘pOSition'of

@

M. saZmonzs in the Cold. Lake ecosystema: First M sabwanrs is a parasite.'
lof the salmonids which dominate the community of fishes. As pointed

;-out earlier, the parasites of saImonids generally dominated the community S

, S
of parasites. .

, _ . ; :
Second individual species of acanthocephalans ofC%ish are

'frequently found in a wide variety of fish (Hoffman, 1967 Petrochenko, _fl
1:1971) Metechznorhynchus sabnonts is no' exception to this wide host .
RS

specificity, in ‘the present study, all. 10 species of fishes were

-.infected.,.'_."l

,,' ¥

Thirdd there.are alternate.ways of reaching the fish hosts._ The

host The amphipod formed a major part ofethe diet of whitefish and
"burbot, in each, the acanthocephalans doginated the parasite community._."
J "Amphipods (in Cold Lake, probably P. df?inzs, ag deduced from the heavy ‘
"infections with M. salmonts) formed a sigdificant portion of the diet in
Hlongnose suckers (Scott end Crossman, 1973), and lesser portions of the _”~”‘
':.diets of cisco and prpbably of whitesuckers and sticklebacks. |

| However, xhe large numbers of M. salmants in trout and coho, which“

l‘eat few,_if any, P. affints, suggest a second route of infection, using -
:'elsticklebacks, eisco and probably young whitefiah as transport hoste. ri;?hh'»

§

:‘pThe use. of such tranSport hosts is well eetablished for other

.baSiC 1ife CYCIE ofﬁu- edﬁnanzs is through P. afT%nie, the intermediate SR



E Atin whitefish and cisco vary significantly with seaSon and age.lifl_i

.fishes in Cold Lake.

' vtrout

‘a static picture of the distribntion of M. sabwonzs in the various

acanthocephalans'of fish-(Petroﬁhenko, 1971). CiscO'and particularly

sticklehacks formed significant portions of the diets of -the predatory :

\

Although all fish species examined were found infected with M.

&

\saZmonzs, gravid female acanthocephalans were found only in salmodid

’ fishes ' whitefish cisco, trout and ¢oho. The small number\of gravid

females in pike and burbot might be. due to a direct transfer from feeding

/ 4

on infected cisco, since Hnath (1969) hhs shown that mature M. salmonts ‘::

from coho could survive, for up to 12 weeks when transferred to brook
. . - ’ o '

;pathways, and the relative importances of the Various definitive hosts,,.

I have devised a model of the circulation of M salmonts in the community
of fishes in Cold Lake (ngure 23) It must be emphasized that flow n

rates were not measured in this study. Instead they were deduced from

N %

'species of fishes. h‘.:“,: T ,,h» : f}“"__1{'7 ‘._15[5f':p~h S

' \The model is based on data on the abundance (prevalence times hf.

mean intensity) and percent of gravid femalas_in each of the ten species

+

o of fishes examined‘ The figure for the abundance in each host species
’.Was multiplied by, the weighting factor (see p. 16 for'assumptions

;implicit in the derivation of that factor) to: account for the relative

a

' ‘population size o{\that host, then divided by the sum of the products fori;'fi
f“all ten fishes to give a first approximation of the proportion of the

‘ ‘M, saZmoms population m that host species (PPI m Table 24)

In previous sections I have shown that populations of M’ salménts

To illustrate the relative impartance of . the alternate life cycle S



Figure 23. The’ relative fléw rates of Metechmorhynahus saZmoma in -
0 a community of fishes in Cold Lake, Alberta. The solid-
‘ arrows indicate flow, from the intermediate host, P; afftm&:,
-« to various’ fishes, either directly or: through transport
- hosts. rrows leading from ninespine sticklebacks and =~
: - The double arrows: indicate flow of eggs- fron ;
tive hos & to the' intermediste host: *'Values on' the
_arr s 1ndicat the pro'portional value ‘of that flow. .
Vapies under -each fish host ‘are the. propor.tion of the
pypulation of M. salmonis in that host, followed by -
ercentage. of gravid females. See text for detailed
explanation.,«.-f _ R ] .
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i
' Abundances in theae hosts were therefore corrected.to account for this -
:: variance , The derivation of a seasonal correetion factor will be -
R ‘illustrated for Group A whitefish §ince this group contained two age R
”':classes, collected in. different numbers, I corrected for age effecta |
within this group by calculating a weighted mean (abundance in age IV
_ times the number of age v fish examined, plua abundance in age V times ;*]'5
e the number of age V fiah divided by the total of age IV and V fish)a._f'p.ii
lt The mean of the monthly abundances was divided by this weighted mean to ;:
'-give a_ correction factor of 0 94 which was uaed to adjust the ii"' | ’p
:: abundances (from Appendix IV) of all immature wbitefish (age classes II—-;ﬁi'
3 VI) Similarly, a’ correction factor calculated for Group B vhitefish -
‘1]:(1 07) was used to adjust the abundances of mature whitefiah (age claasesf‘:;f
| I—x) A single correction factor (l 12) waa calculated and uaed (on ;Qéii :
G
'i fdata in Appendix VI) for ciaco. G ' | N - S

Correction for seasonal variation in abundance of M. saZmonts in

‘ ;'_coho was difficult Coho grew rapidly, and acquired increasing

. 5:,popu1ations of M._sabnonts during the sunner._ My

‘ 5'}'the abundance of‘M._eabnantB in young coho during the‘suuner,

C bpestiﬁ&ted the abundance during the fall and winte_

-collectiona were

7g?biased towardelthese 1arger fiah The uncorrected meanlovereatimated

1

:butlunder— il_;

»revidence in my data of a aeasonal "spawning period“ such aa that shOWn_ rt*i'

’.’-:for M. saZmante in Lake Ontario by Tedla and Fernandog(1970).\1 38

'Ti';. l Tranemission of M saZmonta to P. aff%ﬂtsf 'y Occu
_ throughout the year..;nj,’;f{gl?;ff;;~ ‘ :
‘.f'The uncorrected abundance for cohg Would therefore b‘:GBVSOOGlaJ,anyvl ;vﬁ,;iE

':f,other eatimate 'lfﬁf;ﬁ;{pj*" : e e




. In order to correct for the variation due to age; two factors had

~to be t:aken: into account, he abundance of M. aalmoms in each age | :

: class, and the relative abundance of host fiah in each age claaa -
vSeaeonally corrected values determined above were used for the former

\The latter was calculated by applying an estimate of the annual mortality -j;
rate to a hypothetical cohort of 100 class II whitefish (or class I -
.l lcisco), then calculating the proportions of each age class in the total
POPulation .: e R | b = b‘ L y

o The mortality rate in Cold Lake was eatimated by the differencea

bin totalrnumbers of fish examined in age classes VIII (240) IX (130), }-y

' ”'ifand X (19) The reduction between age classes VIII and Ix suggeated a

S .in Figure 23)

mortality rate of approximately 50% the reductiOn between IX and X a
| f'rate of approximately 722, and that between VIII and X a rate of i
.0 A

u&approximately 612 The laat was very close to the mortality rate 1?"; e;

"fe”estimated by Kennedy (1953) for whitefiéh 1n Great Slave Lake, N W T., '

and,has been used in the model A similar mortality rate was assumed

The corrected abundance of M.-saZmanzs,in whitefish (or cisco)

Proportional populationa of M 'galmam' calcul" ed using |

'a;speciea This assumes that'



"7fby this route Lake trout and pike did not feed ‘on: P. affbnte, and coho

| ;_up 37 52 of the total occurrences of P.;

g;f}therefore 37 SZ of the input ofAM.‘

':'fabove. The input of M: sabnanzs to vnrious predators_cdlculsted usin‘

135
”ﬂz’l'A M. sabnonzs ingested by any host has the same ;‘.~f

".probability of becoming established and therefore, that

.3}3'The rate of ingestion of M. salmonts by eaeh host species

!

is Proportional to the population in that host. .» L
AfSi“ce there are alternate ways of reaching the fish hosts, the
Anput to each host Species had 'to be apportioned to each of these ways,»pfti
M»"according to the food habits of the hpst species.: Whitefish Cisco,'1s¥f;55
.‘_ bofh species of suckers and sticklebacks did not feed on fish (the Ff\FFQL§5d
ffsmall numbers taken by whitefish or cisco are negligible), therefore a11
'*1Jiné::‘t° these species was assumed to be directly from p, affints.A,vi.ﬂ'7

' ”fWalleye fed only %n sticklebacks all input to walleye was assumed to be -

i's'fed on them to a negligible extent but sIl fed on both cisco and
.;;'sticklebacks the input to esch was apportioned to ench trensport host
.in’ proportion to the total numbet of esch forage fish eaten by the i'ﬂ{ii ;i’
'y-_~predstors examined times the abundance of M. salmonts in thst species of » ':
fiforage fish This assumes that ‘ | | T L e

"i_4;~fThe probability of becbming established is the sane for

'fg'fa M saZmants ingeeted in P. aff%nts or'in : transport

'ffhost. §~;7i'”;

h'bn:Burbot fed on P. affints and od both trsnsportihosts. ‘ afTbnzs made

h in the diet V‘;ﬁidf;:

"'through the amphipod. Ihe remaind

:'the other nortality rates is shown in Thble.25

For each of the two transport hosts the inputs rnush tha
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_Tablgizs, Ihe relative flow rates of»Mbteohznarhynchue saZmonza by
C _ alternate routes to various predators S -

"+ Adjusted survival rate of ..

AU o ‘Unadjusted .

s

PSR

Trout B R 7T"RFlifu--i;:}i;-i‘sz' R ‘RFQ . :“'Lf ER'“ﬁ’ffJ

Stickleﬂacks L2 ;r1];;r;Ajf”v3i89,‘u_§,j;vf4 73 6

;Pike 'fl"*~‘. f71"5?*”n?,"j_:415"1',’i§if'js‘;,”\"” S
“Sticklebacks . < 0.296 7 <. 0.988 . 1,186 x;\{uu1)58

Clsco A'a-{,,ij;o;oqssjji,tj;'i~go;019fmt--_¢,“o 044 .,0;024q;figf“

"AfBurbot BT R /
Sticklebacks i;»'yjfjr;0€87ff',‘;7 V2484
‘Clsco . .o 00376 0 o122
Pftqwmna ;VJrfufm7§7;f'¥“ff“2mbuf~"

14uar§o$_~;'
[-RU. X%
50
= 00

;;Coho (111) T L T e T e e
. Sticklebacks .~ ~0.084 . . - 0.253 .0 . 70,337 .. 0. 422
Cisco ;Zq_va, ' . .0.,0157: .- w7 0,017 @ - 00,0627 ;jfzo 0784




transport host to all predators were summed and added to the 1nput to '

-~

i f‘that transport host from P. afftnta The resultant proportional flow

I
rates are shown on the arrows leading away from P affints in Figure 23

'I‘he relative number of gravid M salmoms from/ each host species :

ffwas calculated as the abundance of M saZmanta times the proportion of k

:grSVid females 1“ that h°9t epecies (tbe second value in parentheses in f.-w”;

fFigure 23) times the weighting factor for the populatinn of that host
.SPeCies (The proportions of gravid females in whitefish and cisco were ff
‘;;corrected for age and season using the procedures described.above )- 'l];
\”This value, divided by the sum of the values for all host species was
1 "considered~to be the relative output from that ho ' species. These
values are shown on the vide arrows leading to P‘ afTints in Figure 23
This calculation of output assumes that.d-;i:f”f5}t"" e :;? L
LA 5‘ The turnover rate for gravid female M. salmonts is the .'ﬁpijﬂlf
_ ‘?lti:same'dn all deﬁihitive host species,;; ..1ﬂ :-;'_ij
.'G:_:dtliThe number of eggs per graVId female is the sgme in all o
| “fdefinitive host species and that | i

"‘_;j-;f:'l7g_ﬁThe probability of infecting P. aff%nte is the same for *ff_;;f;-;

: f an’ egg from a gravid female from alfrdefinitive host

AfThe model (Figure 23) shows that the majority of M. salmonts

'ilfwithin the ecosystemlflow through the basic life cycle f .m,P"afTints i;:,*“

R to whitefish and back to P. af?%nts.; A second'masfr component isﬁfrom

- ;.fg:pP. afftnts to ciseo and backt Onlxlhbout ,ne—eighth of the flow was

"i'_ﬁfthrough transport hosts, primarily sti;klebacks.,;,, ' h13f¥h3;f<i5lf*ﬁl' g

The output values in Figure 23 suggest;

lat_there are only three’ B

:significant definitive hosts for M‘ saZm .whitefiah e




{'; evidence for this 'F .

ﬁ'f'increasenin total.numbers

o CSignificant negative;7:

'1'3_8 o

- -

' ) cisco and trout Despite large populations of M‘ sabnonts in individual

"of gravid females, the re.f;

coho and a high proportip_ ve. ahundance of '

;coho is soﬂlow that ac;' ‘qqans in this host account for vnly a

,small proportion of thd

f-abundant (more.sff coho), and both contain higher

"}populationg off; ercted fish than cisco but the low
’ 'propgrtionsioffég ‘Jhke the output from these host species {j”.
V:i negligible _ R v ,vl ; e :

h» The populati? :, ealmonie in each of the three significant
?definitive hosts 5

; i
_ PY P be controlled in different ways In white—"
tffiSh, the primary co.r

Eappeared to be thrbugh a density-dependent
2'».regulation of the npm;k uligravid femnles.t There are three lines of }
‘4 ihfairly conatant mean number of gravid y
!/:females in fish of age c estV through IX despite the tremendous

"uh age i Second the fairly constant mean |
o fnunberhof;granid’tenaleel | ut_the year, despite siggificant | :
:diqseasonal variation in | :f.Third and moat instructive, the .ifij'h;

eion of percent gravid femalea on total

.f;numbers of acanthocephalans in individual fish Aq a result of this ‘?.flj'fii

’Q;;'icontrol on maturation, the proportional output from whitefish waa

considerably less than the proportional input to whitefish This type

’.ﬂfof negative feedback is an example of Bradley s (1972) Type III

ﬁ"‘?‘trather than the "infra-population" (uaing the/

'}tiregulation (through the host individual), but operating on the output

‘terminology of Each et al .:_'

:':i1975) This type o£ control is well-known in nematodes, fbr example 2

1T*hng1chel (1970) Showed that in equilibrium P°PU18tiOns,fif hrstage latvaeﬁ" o |

"“}fxifof Ostertagma aotertaym could mature only when adults died




wt

t In lake trout the ‘mean number ofVacanthocephalans and the mean f'b

! number of gravid females were much higher than in whitefish but the

-proportion of gravid females was much lower than in cisco or: coho. -Theslh

.‘lake trout also harboured large numbers of E. saZveant. The multiple

regression analysis showed %e number of cestodes tq be the most
Llimportant variable determinin;&the percent gravid females explaining a ?.

J substantial proportion (122) of the variance (althongh probably _ o
.because of the small sample size, this proportion wa# not statistically L
{significant) In this species'of host therefore, the regulation of B

v'maturation, and hence of output appears to be a function of inter—f'r

: specific interaction.f ‘ o | . .

In contraat there.appeared to be no negative feedback system L

: operating in cisco.1 Populations of M&_aalmonte in thia host were low i
(mean of 8 7 per infected fish) but there was a high proportion (502) |

'of gravid females. Cisco aépeared‘to acquire M 8aZMUn18 entirely £

’ ”_fthrough their relatively infrequent feeding on P. affints.= This appears' ﬁ:fn

if;llto be adgzxample of Bradley 8 (1972) Type T regulation (through gf,f-:-.‘,ﬂ

Q
R

8 : No negative feedback system appeared to be Operating in\coho,

‘:feither but in this host, populations of AL salmonta wer very high, with

o ’a high proportion (572) of gravid females.; Perhaps this dicates that

‘;;no regulation of population‘has been developed in thisqjew host-paragite

~system

#,t

The queStion arises.r In which h°3t d°°3 the resulation o;;the ;,E;fbf




_ecosystem flow thro h whitefish Using different mortality rates this o
fvalue varies between 243 and 3/4 of a11 acanthocephalans (Table 24) -
f:This high flow through the whitefish appears to be due to tWO factors,v
v‘the abundance of whitefish in the IAke and the high proportion of P.»-]Eym'
eaffines in their diet The negative feedback operating through control
“of the rate of maturation of females reduees the output of eggs i This .
' is the only significant direct negativé feedback I have found 1n the »»b
.system, and appears to be the main regulator of the acanthocephalan ;;:&':J
population in the whole ecosystem 'y_,:tfh r"lf;faffifh;;fﬂdQvfl
-‘A; Kennedy (1970 1972) suggested that temperature and diet were fhﬂ;iyh f
1n‘pimp0rtant factors affecting recruitment of parasites, thus the':efhf o
‘ pulation He was unable to find any feedback iechanisms which l_ :
ulated the population of Pbmphorhynchué Zaevts in dace in the River

VJAvon However the acanthocephalan showed little growth in dace (Hine

| f-ni'and Kennedy, 1974b) and very few gravid female acanthocephalans (20[;864)

- .were recovered from dace (Hine and Kennedy, 1974a) Perhaps. Ehe P
L N , o L
>-.Zaevzs—dace system was not an appropriate aystzm to study. jf]?‘“w P

xe

T
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S VIIL. .)GENERAL‘D,ISCUSSION.

I have shown thatuthe patterns of infection by parasites and the -

[3

.resulting paraﬁite communities in fish popuLations are in uenced by

.

\.'
host specificity, by seasonal factors and by the age and feeding habits j
of the fish hosts. In addition, the behaviour of the infective larvae =

and that of the host are also important. The interaction of these .

Tfactors determined the pattern of species of parasites present and their.

:abundances within the parasite community in each host species.

For parasite species which matured in more than one host species,

these factors interacted in such a way. that the parasite was generally

much more abundant in one host species than in the others. This host

@

species is regarded as the primary host (e g., whitefish for M. saZmonts

'as shown in Figure 24) Other host species in which this parasite __7»-"

{

1matured but in lesser abundance, are regarded as secondary hosts (e g., o

",cisco, trout coho, pike burbot, and walleye for M salmonts)

" The same type of analysis can be made for larval parasites (i e.,‘

-t

those for which the fish is a necessary'intermediate host), that hoSt :

:species which harbours the greatest proportion of the larval stages is ;(”'

Uvgregarded as the primary host, others as sécondary hosts.;fif

The species of parasite assigned.to different categories in each J{v :

N

YA

species of fish examined are shown in Table 26 ‘ In the Lrimary and :.’lsl-

'7: secondary host categories, larval parasites are in parentheses.

gParasite species :ound in a host species in a stage which could mature,:i'

- o

Whitefish,are the primary,ho?ts“foa“, ' highest number of mature

,"parasites (8), trout and coho for the least (lleach) Sticklebacks are ,.‘

i . )
TN

. but did not, are listed in the "Immature" cstegory. ‘.pj'i._i')]pg,_,g_.



'Figute 24,

- The. number of species of parasites exchanged in a community

- of fishes in Cold Lake, Alberta. The -exchanges within. eachv‘

of two subcommunities are shown - separately.a The sizes of

~ the circles represénting each host are. proportional to the
“host population. ' Numbers within the circles are number of.
- species mdture, in primary host (number of species mature in
‘secondary host) /total numbet of species '{n .that species of
‘host. Arrows indicate exchange from a primary ‘toa - | IR
' secondary host. Arrows leading to and from the periphery are L
exchanged with the other subcommunity, Values along arrows -

are’the number of species which mature in the recipient host
(number of species which do not- mature)/number of specles’
transferred from an intermediate or transport. host . to a -
definitive ‘host. Wheré the number in parentheses ‘in the
numerator or- the denominator is zero, 1t has been omitted

See text for detailed explanation. f‘e-

CO - coho ealmon., ; oo
s

lNon—salmonid fishes: P - pike' We - white eucker, R

‘Ln --longnose sucker; B - ‘burbot ; ST = ninespinei "
g sticklebacks, W ~=walleye.fﬁ. R o o

. -«f,l,;.z_;

/
/

_;t f

L

:'Salmonid fishes.,'ws— whitefishr&C~- cisco, T - 1ake trout, t;'uf
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Table 26. Catagorisation of ihe parasites in differant spactes of Fish fa Cold'Like; Alberta S sy

N L
Whtcef1hh Abtaoooawu sagittata . B anpidoam fartanic T Wymhu butbooollc,_' B}
. Phyllodistomam ooregoni S l'moﬂ-ulﬂr‘ S ,_Pmtdoocphalul w0
Cyathoosphalus trunoatus - . Bygastlus ) .
Proteccephalus estquua’ - “ (Catyluﬂu ‘mﬂm) PRt . U
y . Cystidisola. stigmtioa : o Dtptoctounapdﬂmmn) L .
! Meteohimorhymohue salmonie - < * - .: (Dtpllvuobpﬂu'im p.) -
‘Salminoola exteneis : S
. Salminoola sxtumescens . e Lo P

Cisco | . .. Crepidostomm farionts . B ;m'.aoooowl‘ lﬂimn REET ‘Wat(dioola oti
. “Protecosphalus ﬂlwollia o © " Pomphorhymohus
Ergastlus curitus - . |
- Brgastlus nerkae ; Ty
: (Dtphyllaboﬂm-m p.)
I'rt'ucnopham orassus)

Trout -~ -, _hbotbuwn salvelini- | v

gullbocalli' :
- thoaphalul lpp Lo

Coha - _ - Philonema agubamoulm

hw:tﬂgoam

. ,‘P“Fe o .' v h-accooophalun ptnmrid ""“."“-"r-l y ,-. “ mubocphalul ees

AT ; ¢nophom nodulosus ;
e _Raphudaaaarb . ST e R L : . . L
. ¥hitesucker . Ltuordn:a atunuatm e B m iy I.latu -’:. SRR lemm " uulm{ s > »

: Ilunt:hx':lla sp. :
"Neosohinorhynchus stiigosum
: Pmphorhy‘:m bulboooll?.

» Longnose = - - llacua -p
sucker R :‘?ﬂ&”
A s . B’ngaoilua lp .
"Burbot Lo E\cbathnwn ruqom
. ; B Haplonima 5., : )
chobwhu- varﬂlu .

Sticklebick ' .  Buodera zuciopm'm
. v Gyrodactylus wp.- .
(Cotylums erratious)
oo 7 (Diplogtomen, opathauuu[ SR
TN - TApatemon grasilis). S
© e (Sohtetoosphalus oaudul o
: (Mmoplwm nad«loma) .
. \'.-(Raph{dacqanalp) -

1', v.llay;- RN Pnouoocphclul . R




’each circle are

t:;f’one is the primary host

145.

the primary hosts for the most species ef 1arval parasites (6) Coho

,’acted as a secondary host to the largest number of species of parasites

. 8

It is apparent that there is a fair amount Of exchange of

parasites within the community of fishes« This exchange of species of

' parasites among host species is- illustrated i.n Figure 24, in which the :

-

'vsalmonid and non—salmonid portions of the community are shown heparately._
".The size of the circles represents the proportion of the host apecies

i within the community of fishes as given in Table 26 The values within

B \

. P

number of species mature, 1n primary host
| ' "‘-in —h_o.‘

Trout appear to be so'u“f?,}7




'li, ranged from one to eleven, with a dean of 4

146
exchange,’they are the primary host for only a single species which is -i
not shared,with the other native salmonids, and acquire only three

Qincluding M. salmonzs) of the 14 species for which the native salmonids
. : O )

“are the primary host.
| The introduced coho are - the primary host for only one. species, :
agubernaculum, which is shared ouly with cisco.. However, coho | |
',MAacquired almost all of the parasitg; for which the other salmnnids are ~: -
the primary host, seven of the eleven parasites matured in coho.'VInJ;,l
‘total, there are 16 species for which salmonids are the primary host‘l >
-_~l3 of these are shared by two or. more of the salmonids."*ﬂ:'.ibi‘.

Another measure of the extent of the exchange between salmonids

»:fis the number of species‘shared per pair of host species. "is number

‘.} In contrast, the same

| ]‘measure applied to the exchange between non-salmonid fishes ranged frOm l“: :

"fzero to three, with a mean of O 7.; Of the 24 species offpamaSites for

fﬁwhich non—salmonids are the primary hosts only 12 are 8hared hy two or AL

.Z:'_more species of non~sa1monid fishes.d These tWO features indicate the

r~'arestricted exchange of parasites between non—salmonid fishes. }r’ﬁi;‘

‘*,1 The greateht exchange, and the only one in which the parasites

B mature in both species, is between the two cyprinids.' In this case,

’ ‘.“5white suckers acquire all three parasites for which longnose suckers are

;,ﬂ;f'_the primary host, but longnose suckers do not acquire an ‘of the four

7'species for which white suckers are the primary hosihi

. _’reason for this is apparent.. fﬁ

va-:quit:e different.

A'_ _ prgsent, no ,

The exchanges of parasites between the tw“ groups of fishes are _ff'7.?'

The transfer of parasit




d n0n~salmonids.. (However, see the discussion on M salmonts (p 128) for o
“an alternative interpretation for that species ) Two of these arst<g,"
'.Spread from cisco to sticklebacks, thus involving the two most abundant
.‘éspecies of fish.in the lake.- On the other hand the transfer of ‘
p parasites from non—salmonids to salmonids involves six of the 24 species,
‘-but none mature in the salmonids ‘ Most are larval forms largely
. species fqy,which sticklebacks are the primary intermediate host._fo
“. In addition to these exchanges of parasites in which the fish

ga}hosts harbour the same stage of the parasite, there are also "life cycle fﬁ:

;':transfers," in which the parasites flow from intermediate or transport

' w-jhoSts to the definitive host., These transfere, shown as the dehominators

'-;»Ihe latter appears to be due to extensive feeding on sticklebacks by

v;ﬁ:in non—salmonids One of these is the ubiquitous M. ealmonts. Tbo of

‘on the arrows in Figure 24, occur at approximately equal frequencies : ﬂjiff”j

g within the two groupsﬁ with rather extensive tranafers between groups.AQ S

.,trout and coho, and on cisco by pike and burbot._;

SpeciaI attention should be psid to the introduced coho All

B

i-{eight species which matured in the coho are shared with other salmonids.;~i

‘3..

'included are three of the four species from salmonids which alao matured,m R

~[lthe: remaining species are larvae of Dtphyllobothrmum sp (for which

-"jf;cisco are the primary hosts) and T nodulosua (for which sticklebacks

e L L
ff;are the primary hosts) The other four species were always immature,,gfv-~,~”u

| ~f‘they include two species of acanthocephalans for which suckers are the

V

A':iprimary hosts, and plerocercoida of Eubothrium and Proteooephazua “hichifffjiff

”Lﬂf'could not be identified to species. These could have beenAacquired°from‘;f;f3si

“dalmonid or- non-salmonid fishes..

In general then, the 1JP0rtantﬂ afﬁ;;?j{sijf’
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' Appensj‘ii'{ll; ; Comparison of the parasite co@uhic_iep A';ln'&tfvfatet_i:‘ ng.c _"c.:'.l‘n‘u.‘lfof cisco

T s S S T
| PARASTTES N ‘ AR By o

| Dot st 1109 G0N B4 @D 45 Qo) 100 G0 58 @)

.“Cptyim ermt;&l@; S 0 oy ‘ “18 ’ 1_46 R

Cropidostom farionta 2.2 2.0) 9:5 2.0) 4.9 (.3)° e s
Cyathocephalis tranéatus - 0. 0 156 o) '; 9..9'/<2'6> %1 ass
Proteccephalus filiooltis 8.7 (1.3) 2.8 0.4) 6.1 (5. 9 1910k 106 6.0
*proteocééhatﬁa-app: o | 564 (8.1) _63;5f(?6.3) 69.7 3. 0} ‘Si-é (29. 6) . 41 7 (16'8>F.f;; '

; ndp1phyllob0thr‘“m ap : ... 17;4;(!.3): 15,9 (1.3) ,17 0 (1 3) 13. 5 (1 4)_ ‘ 16 6. (2 5) L

uTmaenop orus cmssus L ';. :0 '~.‘ _' - 0 ) r '-o ':..ﬁ .:'1-.‘1 (l 3)'.& 1 ° (1 0
~ *cystidicola seumnatuna e '1  R ;'-9} :""1_'096:(1Q0): u.l;§ . Oy o4 0’:-
Phtlonem aaubemaculum R e 0 ::0' 0 6 “ 0) 2. 0 (. 3) -' ‘. '
vmmhwr;‘,ymm Bamuv.‘ 109(50) 285 (82) 251 (106) 36 8 (8 1) ; 33 2 (8 8):’.}- B
rorphorhyrohus bdbosolti 0T R L8 G BiGay [0 el
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Salnnncola ea:terwue , e S LR ° e 4 (1 0) L0
‘_n‘nt o 46 63 : 165 232 199

REE TR T B  -'."_~:_-'2'3'9' 2 z &f"' Clamc s
R 40.2D: -7, (40.16) L (30,100 0 (40.08) 0.11) .

. J P
. R 19.437 - . ) '63 30 I3 ‘5 ERR ~2S 8 -
SIS s e . S . (+“:61), . (+6 61) (+6 61) (“ 43) _,;'-';‘1-("‘3~25)
L st 3 45 ' f. 3 24 _1_31; 2, 49; g 2,84 f'j 5.19
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" Appendix XII.
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Intraintestinal distributien of Mhtcchtnorhynghua salmanta (and gtavid

.t'emlea) in group A lake whi:efiah taken qt diffenn: nuona
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Intrainteatinal distribution of Metechino
females) in group B lake whitefish tlken
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riynchua ‘salmonis (and grnvid
a: different seasons

Section of Intestine

\8'

Totals

No., .
Month Exam 2
¥y g 77.0
~(1.0)
. (0'7)
M '16: 45." .
(1,0)- -
A 7187  34.0
" 8. 336 51.3
(3.4)
37 20 601
o . L (L.7)
J.- 8 4,3 145
‘ (3.8
A 11 200 19,3
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S l",\ ‘ 32,3 7
vo v 12 o ‘1;10‘7 '
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Appendix XIV. Intraintestinal distribution of Metachmorhynchua salmonw (md ‘gravid

»femlea) in cisco taken at different ‘seasons

#Mean no. of M. Salmonis R
. (Mesan no. gravid. females) -

» o . | e
- No. ) . . " Section of.VIntestine ’ e
' Mooth Exam 1 2 3 4 S LI 8 -9 10 Totals
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